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Abstract 


This report gives the analyses and results of a program to establish the effects 
of long-term (up to 10 years) contact of inert materials with earth-storable pro- 
pellants for the purpose of designing chemical propulsion system componc’ t • that 
can be used for current as well as future planetary spacecraft. Phase I, which was 
concluded in 1967, was a pilot-type effort to evaluate a limited number of 
materials. Phase II is the primaiy experimental work, and results to date are 
reported herein. Investigations include the following jiropcilants: hydrazine, 
hydrazine-hydrazine nitrate blends, monomethyUiydrazine, and nitrogen tetrox- 
ide. Materials include: aluminum alloys, corrosion-resistant steels, and titanium 
alloys. More than 700 test specimen capsules were placed in long-term storage 
testing at 43°C (110®!') in the special material compatibility facility locat’d at 
JPL Edw'ards Test Station, Calif. Material latings relative to the 10-year rerp.ire- 
ment have been assigned. 
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AF-E-102 (-332, -4U) 

ctliyleiie propylene terpolymer composite (Hystyl) 
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ethylene propylene tcipolymer 

ETS 

JPL Edwards Test Station 
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fluorinated ethylene propylene 
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H-HN 

hydrazine-hydrazine nitrate 
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mononiethylliydrazine 

NTO 

nitrogen tetroxide 

SEM 

scanning election microscope 

TFE 

tetrailuoroetliylcne 

UDMH 

unsymmctrical dimethylhydrazine 

VAR 

vacuum arc reinelt 
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Propellant/Wlaterial Compatibility Program and Results 


I. Introduction 

Chemical propulsion system materials selection re- 
quires a base of experimental long-tcnn (up to ten years) 
propellant/material compatibility data, since the p<>r- 
fonnance and interactions between the liquid propellants 
and materials cannot with tire current state of knowledge 
be satisfactorily predicted, 

Tire best rocket propellants arc' usually the most diifi- 
eult to contain for the lengtli of time before tlu'V are 
needed, 'lypical licpud propellants are both toxic and 
reactive with other materials. "^Ihe advance to liighei 
energy propellants that has occurred ovc'r the last twenty- 
five years has l)i;en possible due; to considerable' inaletials 
rt'seareh as well as thi' more visible' rockc't c'ngine 
rc.si'arcli. 

Under NA.SA Contrac't NAS7-KK) with llu' Jc't Propul- 
sion Laboratory, a program has l)ec'ii eslablisiied to 
dcti'miiiu' ac'ceptalily inert maleiials in eontaet with 
eartli-storablc' projic'llants for use in the ch'sign ol ehemi- 
eal propulsion system (.'ompom'nts tliat can be utilized 
oil eiirreiit ns well ns future' plaiietaiy spaeeeiaft, 'I'lie 
e-mphasis has be'cti on propellants appropriate to small 


rocket systems (as opposed to large launch vehicle s)'s- 
tcins). Thc'se propellants include the following: 

(1) Hydrazine or Hz (N-..H i). 

(2) Hydrazino-hydraziiie nitrate or II-HN (75% NjlL 
-1 24% N,Hr.NO;, I 1% HjO by weight), 

(3) Monomt'tliylbydi'a/.ine or MMH (CIbiNlIMHif), 

(4) Nitrogen tetroxide or NTO (Ni:Oi). 

The overall program was dix'ided into two subpro- 
grams; Phase 1 was a pilot-type' effort to i:valuate a 
limited numbc'r of mateu ials, and this precursor work was 
eonehuh'd in CY 1907. ’I’lie Phase' II program is the pri- 
mary t'lfort, and tlie re'suUs to dale of this ongoing c'xpc'i i- 
iiK'iilal work are preseiite'd heroin, ’rhe iiive'stigations 
inehieh'd tlie' above' pro])cllants and mate'riuls sneli as 
ahniiinum alloys, eorrosion-n'sistaiit steels, and titanium 
alloys. 

The' emphasis is on hydraziiii' because' of its gre'at value 
us a iiionoin'oiiellaiit and its aeeonipaiiying rec-ogiiize'd 
chemical instability. Ilydi aziiic-bydraziiie nitrate has also 
been stnelie'd because' of its liighi'i peiformaiiee and lowei 


JPL TECHNICAL MEMORANDUM 33-779 


1 


fivi'zinjj; point. U also slum's liydra/iiu's instability and 
loss is known al>oiit it, as it lias not bct'ii flown yet, Mono- 
nu'lhylhydiazino and nitioKcn ti'tmxido n'oi'ivo mininnmi 
('inpliasis lu'canso their sliort-terni slabitily and eonipati- 
iiilily have lieen verifii'd, leaving just (he loiijf-term eom- 
patibility in possilde donlil. 

Most reported research on propellant coinpaliliility 
with contaiiu'r materials was designed to detect major 
incompatibility reactions that mif'ht d('f;rade .short mis- 
sions. 'I’he comparatively longer planetary mi.ssions flown 
by JPL for NASA nece.isitati'd propellant-material com- 
patibility research that goes beyond short-tc-rin studies 
to focus on more .subtle reactions that might degiade 
ini.ssions lasting as long as ten years. The data reported 
here summarizes individual te.sts lasting more than four 
years. Since the test program is continuing with approxi- 
mately 578 specimen capsules still in active test, ami most 
approaching the G.S-yt'ar exposure pc'iiod, future reports 
will summarize results for tlu- longer ti'st durations. 

The ideal propellant would be unreaetivc' with the 
metals and polymers commonly u.sed in eomniereia! tanks, 
tubing, valves and other eoinpom'nts of storage systems. 
However, few such materials exist for any given prt pel- 
lant because' of the innate reactix ity of this cla.ss of com- 
pounds. The same reaeti\it_\' u.sually exists in the ni.n'e 
e.soteric and expensive materials. Therefore, propellant/ 
material compatibility testing is required to deleiinine 
the degree ami significanee of the chemical reaction. Such 
programs can be (piite huge because there aiX' many 
materials to test, and bc'cause the (rossibility exists that 
there ari' unreactix'e materials for a .specific propellant 
that can only be identified properly tbrough testing. With 
such test data, materials can be rated for their suitability 
for u.se with a speeilie propellant, such as is done in this 
report for the subject propellaids. 

It is recognized that oata is also re(|uired for the 
fracture growth properties of materials us<*d in [rropidsion 
system e.iinpoiu'nls when' operational stresses are near 
the yield stress regime. Typical components, such as tank- 
age. plumbing, and (bin membranes or dia))hragms. must 
be intoh'rant of (law growth during operational serx iee. 

1 lowexcr, this report di-ids xx ith only those mrnfraetnre 
lu'liavior aspects of loug-tenu eonipatibility. ineluding 
material eoirosion. piopertx' changes, and |iro])ellant de- 
composition. .\ liigh liegree of procedtira! eoirtml has 
been exercised fliroughout (he ju'ogram to obtain the best 
experinn ntal results. I'imphasis was placed upon stan 


dardization (hiring all aspects in order to provide reliable 
(’iigineering data for (h'sign purpose's. 

A. Nature and Result of Incompatibility Reaction 

Any ri'action bi'txx'et'n a propellant and tlu' matt'iial 
it xx’ets can alti'r eitlu'r the propc'llant, tlu' material, or 
both. Kor in.stance, the propellant aloiu' can change 
through a ri'action catalyzed by tiu' materi;d, a problem 
that ('.xists ('Specially with moiio))ro]xellants lik(' hydra- 
ziiK' and hydrazine-hydrazine nitrate. Tlu? matt'iial 
alone can be di'gradcd through stre.ss corrosion, lloxvexi'r, 
in most ca.ses some of both the propellant and the material 
ai(' consumed in the reaction, resulting in a lu'xv com- 
pound in the system. This general case can l)c toh'i ated 
if the new compound is tightly adherent to the container 
mati'iial, thus protecting it from further attack because 
it serves as a form of pa.ssix'ation. If the compound is not 
tightly bound to the container, it can be trouble.some, 
even -intolerable. 

'I'hi' simple case of one propellant and oni' material 
inx’olving fexv chemical I'lemi'iits is not a realistic con- 
dition. Other variables ('liter into the analx'.sis of a practi- 
cal systi'in, .such as various impuritii's in the propellant 
arising from the manufacturing proee.ss or lalx'r storagi'. 
Then, be.sides the range of ingri'dii'iits alloxved in modern 
alloys, there are the residual effeets on tlu' material of 
processing, prejiaralion. and ch'aning operations. 'I'hus. 
the interaction betwi'cn just oiu' propellant and oiU' 
material can be ((uite complex, and the inateriars utility 
cannot be prop('rly rated until it is I'stablished xvbetlu'r 
or not reaction arises from its imiati' propt'rtii's or the 
('Ifects of subtle proe> .sses due to eontaniinaiits. 

l’ro|H'llant/niaterial incompatibility can lead to a xvidi' 
x'ariety ol problems. Tlu' rt'aetion can result in propellant 
di'composition that can adxcrscly idlcct tin' pi'iformance 
ol the liipiid projmision system, and insidublc gases that 
can advi'i'sely alleet the Iluid dynamics inx'olving small 
constrictions, metering orific('s, and ea]>illarx tulies. The 
reaction can also re.sult in coriosion and the formation 
ol in.solubh' salts or otln'r eoirosion piodnets that can 
plug filteis and oriliees, alloxv seal leakage, alleet valve 
operation, xveakeii structural members, and alfect oxerall 
propulsion h'ed system perfornumee, 

B. Impact on Early Space Missions 

How many of Ibe entries in the preceding categoiy 
liaxc .leluidly occurred in siiacellighf is dillicnlt to sax-. 
II evidence ol a problem doe.s not appear in sjiacecraft 
telenietiy. then it xxill nexcr be found foi lack of a post 
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mortinii examination. Probably few calaslropbic failnn's 
can be laid to propellant/inaterial incompatibility be- 
cause' tlu' short-term tests run by most rocket orj;anij;a- 
tions eliminated the combinations resulting in gross 
reactions, and subtler reactions are, tolerated by a some- 
what conservative system design. Howcs'cr, some cases of 
incompatibility have been seen in spacecraft telcmetiy. 

Noncatastrophic propellant/material incompatibility 
W'as indicated in the telenietiy from early Mariner space- 
craft flights, A continuous increase in the hydrazine tank 
pressure w-as found after normalization for tank tempera- 
ture. Additional ground storage tests pros’cd that the 
reactive material was one of the constituents of the butyl 
rubber bladder, probably the lamp black used as a filter. 
The butyl rubber had to be used over a number of flights 
in spite of this problem, because considerable time was 
required to des'clop and qualify a superior replacement 
material. The reacti\'it>' varied dramatically from flight to 
flight and ground test to ground test (Ref. 1), as might 
be e.xpected in a case where there are so many variables. 

.Mthough understanding of incompatibility meehanisins 
and tlu' test methods for them luu e iinprox'ed with time, 
new' tests sometimes find previously unknown eases of 
incompatibility. 

Snell a case is r{’port<}d in Ref. 2 wlu'ie hydrazine- 
related fuels were found to cause stre.ss corrosion in some 
materials already successfully used in flight applications. 
Such materials will pi'obably not be withdrawn from 
flight u.se altogether, but rather used where their incom- 
patibility is of no consetpience. Tims, the book is never 
closed on any material. 

C. Impact on Future Space Missions 

lC\’cn given the pool of existing data and rt'petiti\’e 
successful use of certain propellants w’hich ar<' slowly 
becoming “standards." consideraoly more compatibility 
tc'sting is necessary for future missions. This conclusion 
follows from a number of observations. l'‘irst, tln> I'xisting 
data pool is inadenuate for fnturt' niissiotis, because it is 
not eoni]jletr' and its elements generalb' cannot be cor- 
related with today's knowledge. Correlation is dillieult 
because of differing test methods, test objectives (and 
thereby tliorouglmessl, ami level of detail re)mited in 
the literature. While tin's data has t'aliie, its value is 
considerably less than would have been the ease if al! 
ri'searcheis had usi'd a single thorough test ])roceiliire. 


Also, new' type’s of data are needed. Future missions 
W'ill last ui> to ten years, and existing data rarely exceerds 
one year. No acceptabh' techniques for accelerating test 
time; or extrapolating short-term data to long-term appli- 
cations have yet ber-n demonstrated, although significant 
adv'ances have; !x;en made in both these technology areas. 
Rrown (Ref. 3) has developed an electrochemical method 
that appears promising for accelerated testing with 
hydrazine and metallic samples. He used the re.sidts pre- 
sented in Appendix A of this report to verify that his 
method was producing valid data. 

Green et al. (Refs. 4, 5) hax'c developed a method 
whereby long-tcnn material propellant compatibility pre- 
dictions can be made from short-term data. The predic- 
tion method utilizes a system of flow' diagrams showing 
analysis paths, decision points, and required data inputs. 
The concept is based upon generating short-term com- 
patibility data using sensitive tc'sting and measurement 
techniques such as radioactive tracer's, atomic absorption 
spectroscopy, palladium foil analyzer (for hydrogi-n gas), 
and the electrochemical method noted abo\e. The test 
results generated arc applii;d using the procedures of the 
prediction method. The final output is thr- long-tenn 
perfornrance of the material/propellant combination be- 
ing investigated. The sophistication of future missions 
demands .some new' materials, such as nonmagiu'tic metals, 
that will not iirterfere with science’ experiments or ma- 
terials that are not damaged by nuclear radiation inher- 
ent in a radioisotope power source or planetary radiation 
belts. An illustration of tlu’ synergism of tlu’se factors 
and others for an adx anced mission is reported in Ref. 6. 

Thi’ri'fore’. considerably more’ compatibility le’sting 
remains to be complete’d. Only tho.se materials actually 
wette’el by the propellant are’ of interest in a com))ati- 
bilit>' stuely. Two re'ce’iit JIM, preipnlsion systems are- 1> pi- 
cal e)f those’ using the propellants coee’i'eel in this report: 
Table 1 (Re’fs. 7 and 8) lists the materials from the Mariner 
N'enus/Me’i'cun' 19?.'^ inoiie)pre)pe’llant hyelraziue’ syste’in 
and 'I'able’ 2 the)see)f the’ Viking Orbite r 197.5 bipro))elIanl 
MMll/NTO system. Tabic 3 listing the mate’iials from 
the Mai iiu’r Ju)iiter/Safurn 1977 monopre>pe’llant hyelra- 
zine sy.stem is include'd for coinpari-son with Table 1 to 
illustrate the’ mate'iial change’s e'licounte're’d in geeiiig from 
enie sysle’in te) the' iie’xt using the’ same- prope llant. 

Ksse'iitially the same’ limiteei list of mate-rials appi ars 
in each table;. Thus, at first sight the' le'st preigiam leietks 
small: lioweseT, by the’ lime e-ae-h pmpe’ilani is le-sle’e! with 
e-aeli material, aiiel iiroce-ssing elifle-i'ene-es bi’lweeii diller- 
e’lil appli'-atioiis of llie .same’ material are' tested, and 
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Table 1. Material wetted by hydrazine in Mariner 
Venus /Mercury 1973 propulsion system 


Component 

Part 

Materia! 

Tank 

Shell 

6A1-4V Titauiiiin 


Diaphragm 

EPT-IO 


Tr.msilion tube 

6A1-4V Titanium/ 
304 L VAR" 

Lines 

- 

304 L VAR" 

Pressure 

Inlet tube and 

304 L 

transducer 

header 



Isolator and 
diaphragm 

17-4 

Service 

Outlet tube and 

347 

valve 

body 



Ball 

Aluiniimm oxide 
(A1.,0,) 


Lubricant 

Krytox 143 AB 

Filter 

Inlet and outlet tubes 
and body 

304 L 


Screen element 

304 L 

Solenoid 

Annature and body 

446 

valve 

.\miatiire tip 

Stellite 6 ( Co-Cr 
puddle weld) 


Scat and insert 

AM 355 


Scat seal 

TFE Teilon 


Spring 

1 nconel-X ( Inconel 
X-750) 


Other 

304 

304 L 

31G 

321 

347 

17-4 

17-7 

Chrome alloy plating 
(on 446) 

Ni-Cr weld ( for 
440) 

FE1> Teflon 
luirricant 
Krytox 1I3AB 
luhrieaiit 

"\'iieiiiiiii are rc '>u’tt 



conihiniitioiis of innterinls tluU arc t nod lani cal! y attached 
or welded are tested for synergistic dfects, tlu' list pro- 
gram is I'lthcr targe. The program can Ijc trimiiied hack 
.Somewlv.it by emphasi/ing tiic materials that present the 
largest area to the propcjllaiit. but the lesser inateiials 


Table 2. Material wetted by monomethylhydrazine and nitrogen 
tetroxlde In Viking Orbiter 1975 propulsion system 


Component 

Part 

Materials 

Tank 

Shell and propellant 
management 
device 

0A1-4V Titanium 


Cn.skct seal 

60G1-T4 Aluminum 

Lines 

- 

304 L 

Service 

Inlet tube and body 

347 

valve 

Balt 

Aluminum oxide 
(ALO,) 


Lubricant 

Krytox 143 AB 

Pyrotechnic 

Tubing 

347 

valve 

Ram 

17-4 

Filter 

All parts 

304 L 

Latch 

Inlet and outlet 

304 L 

valve 

tubes, body 
casting, filter, and 
poppet lifter 



Seat 

Teflon 


Bellows housing, 
solenoid shaft 

17-4 


Bellows housing end 

304 L, 321 or 347 


fitting free, and 
fixed end, bellows 
housing 

355 


Main bellows, 

350 


Isolation bellows 

321 


Poppet guide 

301 or 302 

Prc.ssiirc 

Inlet tube and 

304 L 

transducer 

header 



Isolator and 
diapitragtn 

17-4 

Flex hose 

Tube and sheatli 

304 L 


Bi'llows 

321 

Engine 

Body i'.iid ilapper 

17-7 

valve 

asseniidy 



Filter assembly 

304 1, 


Bnd>' seal 

'I'eitmi coated 17-7 


Seat sea! 

Tellim (TFE) 


cannot be deleted altogcthi-r liccause they arc often used 
in sensitive parts such as springs and bellows where 
second-order ineomiratibility reactions can be imirortant. 

D. Objectives of the JPL Test Program 

The basic objective of the JPI, propellant/material 
compatibility test program is to obtain iletailed coin- 
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Table 3. Material wetted by hydrazine In Mariner 
Jupiter/Saturn 1977 propulsion system 


Component 

I’art 

Materials 

Tank 

Shell 

6AI-4V Til.anium 


Diaphragm 

AF-K-332 


Transition tubes 

6A1-4V Titanium/ 
304 L VAR" 

Lines 

- 

304 L VAR" 

Pressure 

Inlet tube and 

304 L 

transducer 

header 



Isolator and 
diaphragm 

17-4 

Service 

Outlet tube and body 

304 L 

valve 

PopiJct 

17-4 

Filter 

inlet and outlet 
tubes 

304 L 


Case assembly 

304 L and 321 


Filter element 

304 L, 321, and 347 

Solenoid 

Inlet and outlet 

347 

valve 

tubes 



Filter retainer and 
filter element, 
magnetic insulator, 
end cap, 
mandrel, and 

304 L 

/ 

sleeve 



Hotly, sinint, and 
core 

430 


Spacers, armature, 
and pole piece 

430 F 


S-Springs 

17-7 


Seat seal 

AF-1-:.411 

Latching 

Inlet and outlet 

304 L VAR and 446 

v.ltvc 

tubes and body 

VAR 


Poppet assembly 

347 


Seat seal 

AF-E-102 


Arnuiture 

446 


Spring 

302 


Flexure assembly 

347 


Spacers 

347 

"Vacuum arc rcnielt 



patibility data for periods up to ten years. Concmnitant 
ol}jeetiv<-s are th(> development of: (1) a standard lest 
metliodology, (2) basic procedures for coinpatiljility test- 
ing and analysis, and (.1) a rating of the materials for 
compatibility relative to long tc'rm application. 


E. Scope of Program 

Tlic scope of the test program e,stablishcd by jPL 
.scrv'cs the needs of planetary spacecraft like those 
de.scrilred in Tables 1, 2, and 3. 

nre major parts of the total program from the basic 
plan to the final documentation are depicted schematic- 
ally in Fig, 1. 

Specialized processing, handling, and analytical pro- 
cedures have been developed for each propellant. The 
test program for propellants and materials is comprehen- 
sive. Single materials arc tested unstressed and stressed 
in the propellant. Groups of materials are tested in sepa- 
rated, mechanically joined, welded, brazed, plated, and 
coated configurations, Control units are used to monitor 
the behavior of the test apparatus itself. A summary of 
the specimens currently in storage test, along with 
material compositions (Refs. 7, 8) is presented in Appen- 
di.K B. 

The origin and currcait methodology of the jPL pro- 
gram arc discussed in the next section. 

li. Compatibility Test Program 

A. Discussion 

The “real-time exposure testing” approach was selected 
as the best and most positive mctliod for determining and 
establishing acceptable inert materials of coiistmction for 
chemical propulsion systems. It follows logically then that 
in ordei- to pm vide reliable engineering data, all aspects 
of the total program must be considered. Uniformity of 
methods and retrievability of data arc clearly two of the 
primary requirements tliat must be applied to each 
aspect. For example, pretest details should be well de- 
fined and reeorded.The test component should be con- 
sidered as a total sj’stem and consist of material, propel- 
lant, container, test environment, and instrumentation. A 
higli degree of control should be maintained tliroughout 
tile program; and posttesl analyses uiid results should be 
well documented. 

The major coiisideratious or categories deemed essen- 
tial to the tola! progiam iiielude; 

(!) Standardization of all methods, procedures, and 
processing 

(2) Material selection 

(3) Propellant seleelion 
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DEVELOPMENT 

AND/OR 

FLIGHT 

PROJECT 




POST-TEST CHEMICAL 

ANALYSIS METALLURGY 


PROGRAM 

PLAN 


PROCEDURE 

FOR 


PROCEDURE 


PROCEDURE 

■ 

PROCEDURE 

■ 

PROJECT FILE 


PREPARING 


FOR 


FOR 


FOR 


DATA 


SAMPLE AND 
CAPSULE 


TESTING 


SHIPPING 

■ 

ANALYSIS 

1 

RETRIEVAL 



Fig. 1. Material Compatibility Program — -implementation and documentation 


(4) Test speeinieii configiiratioii(s) 

(.5) IV.st fixture ami test container configuration(s) 

(6) Te.st I'in'ironment 

(7) Instriiiuentatioii 

(8) Facilit)' for storing test items 

(9) Pretest and posttest analysts 

(10) Data retrieval (p<-nnaiient arcliive) 

(11) Hating of materials and propellants taking into 
account gross and subtle (‘(Tects 

(12) Final documentation 

In Ollier to meet prograiiimatic goals, the scope of the 
work w'as divided into two separate subprograms. These 
were identified a;-, the pilot (or sereeniiig) and standard 
(or basic) pliases. I’lie rationale for this approach was 
that real-time testing and pathfinder experience would 
b(' aecinmilateil concurreiit with the evolution of the very 
important second phase or basic program, 

B. Early Work, Phase I 

This was mainly a pilot (or screening) type effort. Tin- 
work was initiated in early 19fi2 and concluded in late 
I9f)7. Program details. ))rogre.ss, and data resulting fioni 
this phase are reported in Hefs. 9 through 2-o. 


The program was organized to test several carth- 
•storable propellants with a limited X'aricty of materials 
of construction which would have a high probabilitj' of 
being used in future spacecraft chemical propulsion 
systems. 

The specification grade propellants consisted of amine- 
fuels and one oxidizer. .Specific ones selected were: 

(1) Hydrazine 

(2) Hydrazine-hydrazine nitrate mixture 

(-3) 50— SO hydrazinc-unsyinmetrical diinethylhydrazine 
(UDMH), also known as .'\ero/.ine 50 

(-1) Nitrogi'ii tetroxide 

'I’he materials of construction were initialh screened by 
checking tlii'ir short-term compatibility Iroin known ex- 
perience and as reported in the literature. I’he materials 
injluded; ferrous anil nonferrous alloys, coatings, and 
elastomeric coin|>ounds. Wherever possible these were 
procured and entified to ineet Military Specifications or 
e(|ii:':ileiit s|U'eilieations eominonly used in aerospace 
applications. 'I'lu' inetallie ty|Tes were mainly aluminum 
alloy, lorrosion-n'sistant steel (CHFS). and titanium alloy. 
\onin(''allic tv|ies ineinded: lliioroearbon base coating or 
gie;ise, both ethylene propylmie terpolyiner anil butyl 
rubber enmpomul elasloiners, and ahimina-sintered ce- 
ramic. These materials are iilentified in Tables I. 2, and .'5. 
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1. IVsl Spt'ciinoii no.<i<.'i'it)li(>i) 

rt. Mcldllic. Tiu'.sf samples were staiiclartlizc'd as cy- 
lindrical shifts (h'ift, 2). This configuration was eslal>!ished 
liased upon factors of materia! availability and low cost 
of inanufactnrins or prodiicibilit)'. The 0.637-eni-diain 
(0.250 in.) rod material was n'adily procured umh-r 
proper certifications (Military Standards or e<iuivalent). 
The small diameter rod form lent itself to precision cen- 
terless ftilndinft with v(>ry little ri'inoval of surfaci' ma- 
terial to the final dimension of 0.582-cm diam (0.230 in.). 

h. Nomnetdllic, These samples were standardized as 
thin rectangular sheets (Fig. 3). The test items were gen- 
erally elastomc'iic materials made from different com- 
pounds that were representative of propellant expulsion 
bladders or diaphragms. 


c. Passlciition ami c/emiing. Passivation of metallic 
sa.aples w’as accomplished with procedures that were 



NOTE; ALL FINISHES 0.4^01 (16/iiii. I SWX 

Fig. 2. Phase I metal sample 



NCJU: All MNISHIS 0. ill. 1 MAX 

Fig. 3. Phase I elastomeric sample 


updated from those presented in Ref. 26. 'I'ypit^'tl proce- 
dures used hav<> been pnistmted in Appendfx A of Refs. 
19 and 20. 

Faeh metallic or nonmetallie specimen was cleaned 
(at JPli) in accordance with paragraph 3.4.5 a or b of 
specification 30009 Ref. 27. 

After iudc(\ssing ami cleaning, each specimen was 
inspected to verify that the surfaces were free of con- 
tamination, iind then sealed in a polyethylene bag. During 
this test unit proce.ssing and cleaning, care was taken to 
maintain uniform .standards iind a high degree of control 
over all operations. 

2. Immersion Testing. Daring the early planning stages 
of the program, two test conditions wiac establi.shed. The 
test environment or ambient temperature of 43°C (I10°F) 
was selected and u.sed throughout the program; this \ alue 
was based upon the .spacecraft Fliglit-3'ype Approval 
requirement of 19”C (120“F) for propulsion .systems and 
components. Also, a test termination cutoff value of 
27.6 N’/em" (40 psia) inti'rnal pressure' was established 
for those ampules incorporating visual pri-ssure gauges 
(I’igs. 4 and .5). This was based solely upon .safely con- 
ditions of the glass te.st container. 

3. Test Results. The posttest analy.ses includetl results 
from both chemical and metallurgical determinations. 
The detailed information including re.sults and conclu- 
sions from this preliminary te.st program are summarized 
in Rets. J4 and 15 for es’alnation as may be reipiired. 
Definitive information was gi'iierated under ihe IMiase I 
ellort ri'garding conqiatibility of propellants and ma- 
terials. Ha.sed upon the.se results, it was coiiehuh'd and 
ri'comnieiided that the more commonly n.sed materials 
sneh as alnmiimm 6001 -T6. corrosion-resistant .steel types 
303, 301, and 347. aiul titanium 0.M-4V, b(> investigated 
in more depth under tin* standard or Phase II program. 

4. 'rest Container Design. One of the Phase I program 
initial goals was to establish and staiidanlize the lest 
container design prior to initiation of any exiiosnre tesl- 
ing. riiree important considerations were: low eost, since 
it was an expendiible iti'iii; it should allow visual obser- 
valion of test sanqiles; ami it should be a closed system. 
:\ test container made of borosilieate glass produced by 
(.'orning Olass per code nnniber 7T4I). :iniiealed eondition 
(tiaile name. “Pyre\ ) was seleeti'd lor lliis purpose. Tlu' 
basic i-onfigural ion show n in Figs. 4 am! 10, and di lined 
under Hel. 2.S was used ihrongboul the nveiall pmgrani. 
'Plu- glass amimle mean wiliie internal vointne was .S2.0 
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Fig. 4. Compatibility test capsule container and metal sample 

cm'' (5.0 in.’). iNiaxiinnm envelope climen.sions wore 2.80- 
cm diameter (1.102 in.) and 20.30-cm length (8.00 in.). 
Gla.ss ampules used in the early tests or Phase I are shown 
in Figs. 4 and 5. 'llie closed-type test unit (Fig. 4) was 
scaled w'ith the proi^ellant in the frozen state; this st>de 
was used during the <'arly part of Phase I and primarily 
with low-risk material propellant combination.s. The 
style shown in Fig. 5 was used in Phas<! 1, starting in 
October 1962 in order to measure intr-rnal jiressure rise 
us a function of real-time exposures. Corrosion-resistant 
steel Bourdon-type gauges (l,OX clc-aned and adjusted 
to read absolute pressure) were attached to the glass 
capsuh's by m<'ans of Koxar tubing-to-glass seals. After 
the iiitroduelion of sample and propellant, the capsules 
wt're .seak'd off under a vacuum of fi.7 N/in- (0.050 min 
ol mereurv) or less, nnring llu' extarsure tests r>f up to 8 
years, internal pressnri’ nn-asureinents were recorded 
periodically. 

Postlest analyses reveali'd the possibility of gauge 
material int(‘ra('lion uith the It'sl s|)ecimen propellant 
eombination. It was lonnd that the Kovar metal used 
lo eomieel the glass ea|)siilc's to the pressure gauges was 



Fig. 5. Compatibility test capsule with pressure gauge 

not completely inert. The amount of corro.don products 
of the Kovar metal ranged from unobservable to readily 
apparent (juantities in capsules containing nitrogen 
tetroxide (i\,.0,) propellant. The Bourdon tubes were not 
visibly attacked. Com])lete details regarding this prohh'in 
ai-e di.scus.sed in Ih-fs. 19 and 20, 

To summarize, the u.se of pressure gauges with Bour- 
don tubes expo.sed to tiu' propellant is not reeomnn'iided 
for this application because of the ii'hereiit fmiblem 
described above. 

C. Current Test Methodology 

'I'be effort for tlie standard program, or Plmse II. was 
initiated after the pilot subprogram, Phase I, was well- 
established and storage te.sting nnderway. The program 
details and progress are disenssed in Befs. 2I-2.1. The 
total program was planned nii the basis of a multiyear 
(approximately ten yi'arsi level ol ellorl, Kaeb major p.nt 
of the total program indicated in l-'ig. | was reviewed in 
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adtjquato detail for impU incntation. As part of this review, 
the different alternative routes or options were examined 
and assessed for conducting the program phases in ord(;r 
that (1) reliable engineering infonuation would bo gen- 
erated, and (2) cost effectiveness would be achit;ved, but 
not to the point of compromising the results. Test X'ari- 
ables assessed included the number of materials and com- 
binations to be studied based upon foreseeable needs of 
future spacecraft: propellants; types of specimens, tests, 
and manufacturing processes; posttest analysis, and docu- 
mentation. The facility design and operational require- 
ments related to handling and transportation were ahso 
as.sessed, 


Based upon this information, an overall plan was final- 
ized, and schedules established. Implementation of long 
lead-time items was given particular attention; for exam- 
ple, the design and constniction of the special test facility 
for conducting the exposure testing. Each category of the 
program was carefully designed and documented so that 
major objectives u'ould be met during the course of the 
work, Improvements based upon Phase 1 results or ob- 
scr\'ations and updated literature (Refs. 24 and 25) were 
also incorporated to assure that the subsequent work in- 
cluded the latest technologj'. 

1. Test Specimen Description and Preparation. A rec- 
tangular shaped test specimen was established as the 
standard for Pluise II. Actual dimensions are 7.62 cm 
(3.00 in.) long, 1.27 cm (0.50 in.) wide, and 0.076 cm 
(0.030 in.) thick (Fig. 6 and Ref. 20). This configuration 
was selected over other fonns, because it residts in the 
most meaningful geometrical shape. 

To summarize, the rectangular shape providi-s the 
following advantages; 

(1) It has a larg<> surface-to-volume ratio. 

(2) It can be readily convi'rtcd to different typi'S of test 
forms (i.c., on a “make-froin'’ basis). 

(3) The stressed specimen re<|Liireinetff can be met with 
a simple bent-beam .speeiiiien. 

(1) 'I he flat reetangular shape can be fabricated eeo- 
noinieally with semiprodnclion maiiiifaeinring 
(>((ui|)jnent generally nsc’d in the aerospace iiuhislr\ . 

(5) 'I'he pretest and posttest examinations for inspection 
or melallurgicid purposes can be accomplished with 
H'lative ease and with e(|nipment eoinmonlv avail- 
able. 


“ 1 .77 cm {0.50 m.) 
^ ~7.« qm (3.00 fn.)— 



0.076 cm (0.03 


?n.) 


NOTE: ALL FINISHES 0.4>*m (!6^in.) MAX 

Fig. 6. Phase II standard metallic specimen 

Tire apparent disadvantage is a.ssociated with deter- 
mining tensile mechanical properties. The rectangular 
specimen cannot be conveniently subjected to tensile 
testing, because of the proclivit>' to break where the ma- 
terial is gripped in the jaws of the tensile machine. 

Using the rectangular shape as the basic form, other 
generic t>'pes of specimens were added that would also 
result in essential material compatibility information. The 
classification of these specimens according to configura- 
tion is as follows; slug or coupon, bimetal-contact, bimetal- 
separated, stressed, w'eldcd, brazed, coated, plated, and 
screens. These are illustrated in Figs. 7 and 8. Bimetal- 
contact specimens are similar to the slug-lx pe, with the 
exception that one of the two specimens has an offset 
bend to facilitate contact at the spc'cimen ends. A glass 
C-type clip is used to maintain contact between the ends 
of the bimetal-contact specimens. 'I'he bimetal-seiiarated 
specimens are also similar to tlu' slug-type specimen, or 
eoupon. In this ca.se, a glass seiiarator piev ents any con- 
tact betwec'ii the two specimens. A specially designed 
stressing fixture maintains slug-type specimens at 67% 
of yield stress while undergoing immersion testing. 
\I'elded specimens are similar to the slug-t\'pe configura- 
tion with the weld bead nmiiing in a longitudinal direc- 
tion. Similarly, the brazed sjieeimens are of the .slug-fy])c' 
configuration with the bia/.t’d joint oriented in a longi- 
tudinal direction. Coated and plated .s))i‘einu'iis ari; ob- 
tained by coating <u' plating sing-type sp<'eimens. .Screens 
for use in surface-tension stiulies an* cut in tin- shape of 
the slug-type specimen. 

One ol thi‘ program g<»al,s was to maintain a high 
degree of control over all phases of speeimen preiiaration 
including dimension and confignralion eonfml. ,\s pre- 
viously not<‘d in Sc’ction a inaioi' eonsideration 

invoK'ed standardizing processes to ])rodnee niiiforni test 
samples throughout the program. Very rigid lahrieation 
procedures were insi itiiled, and carefully followed to 
prodtiee tin- (|uality that wtiuhl tnei'l the sp.'ciiied di- 
innisions and toler;niees indicated on the spet'ilieation 
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Fig. 7. Metallic specimen types 
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Fig, 8. Metallic specimen test combinations 
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drawings (Refs. 28 through 31). Particular attention was 
given to obtaining details on raw materials in order to 
meet the prerequisite of ensuring complete traccabilih’. 
Prior to fabrication each metallic sample was required to 
have documentation giving material certification, alloy 
designation, specification number, producer, chemical 
composition, heat number, metallurgical state, and pro- 
cessing history. Nonmctallic specimens had similar infor- 
mation, as available. These data arc maintained as part 
of the permanent project file for each specimen along 
with a portion of material from the original raw stock for 
subsequent use. 

The production steps and flow sequence for preparing 
the metallic specimens are shown in Fig. 9. Specimen 
production was carried out with carefully controlled pi'o- 
cedures and single-purpose equipment so as to eliminate 
contaminating the surfaces with foreign substaticos. Each 
group of machine cutting tools, grinding wheels, and 
fixtures were only used on specific materials. The ma- 
chines were completely cleaned, and new coolant used 
prior to processing the different materials. The cost 
implications of this approach were recognized at the 
start, but these procedural methods were necessarj' in 
order that the final product would meet the requirements 
of tire program. 

The final surface finish was inedetennined to be a key 
factor at the outset of Phase II. Variations in the actual 
surface area due to imperfections and asperities had to 
he minimized to ensure repeatability and provide mean- 
ing to the compatibility information bt'ing generated. The 
typical surface finish, including edges, of 0.2 to 0,4 /on 
(8 to 16 IX in.) was judged to have the desired characteris- 
tics for achies'ing uniformity, and for being representative 
of functional spacecraft propulsion elements. 

Finish machining of metallic specimens was accom- 
plished in the following steps; (1) edges were milled 
(Note; shearing was not permitted at any lime to avoid 
introducing residual stresses); (2) flat surfaces were dou- 
ble disk ground to within 0,00762 cm (0.003 in.) of the 
final part dimension; and (3) all surfaces and edges were 
lapped to the final part dimensions. 


K(»llowiiig fabrication of specimens to other test types 
and ]meleaning, all ])hysica! dimetisions, weiglit. and 
surface finish were obtaim-d and recorded. These data 
are maintained as part of the pn inanent inoject fill-. 

For a more detailed dcseriplion of specimen prepara- 
tion under contract, see Refs, 30 to .32. 
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Fig. 9. Metallic specimen preparation flow chart | 

2. Fixtures. Tlie variety of test comhinations are ilhis- j 

trated in l-'igs. 7 and 8. Of tliese, only the stressed l\'pe 
pre.sented a problem. The re<|nireinent for stressi-d sain- 
])les was nn.-t by using a siiniilc deflected beam wliich 
w;is .stressed to 679^ of the yield stre.ss for the parlietd.ar j 

materia! being ti-sted. ; 


f 















Has(!cl upon economic considerations, tile nxlnre fjap 
leiifftli was eslalilisluid as tlie constant dimnision, and the 
spf’cimcn fret; length was varied with an appropriate 
dimensional length to obtain tlu' desired stiX'ss level or 
67% yield point when installed, These h'ligths (diffi'rent 
for each material) u'cre determined analytically (lh>fs. 
30 and 33) and verified experimentally ns discussed later 
in this section. 

The stressing apparatus was designed to allow position- 
ing the completed assembly of fixture and specimen 
through the 1.90-cm (0.718 in.) diameter opening of the 
test container. For the most part the material is identical 
to the test sample. Tlie disadvantage of utilizing a metal- 
lic fixture is the effect the additional material in test has 
in increasing the surface-to-voluinc ratio. These effects 
were accounted for in posttest anah'ses, and details are 
discussed in those sections. The alternatix'c is to use an 
inert material such as glass. The design developed and 
utilized is illustrated in Fig. 8. The glass fixture approach 
is a practical and \ iable solution with fragility being the 
major disadvantage. 

nontrivial problem existed U’hen it was necessary to 
load stressed specimens into the metal holding fixture 
without overstressing the test specimen. Likewise, re- 
mo\'al after tests was aggraxated as a result of ('xpo.sure 
to the environmental conditions; for example, any cor- 
rosion buildup, however slight, would make it more diffi- 
cult to dislodge the specitnen, Tlie solution was provided 
by a simple manually operated meehanieal device which 
was desigiu-d solelv for this operation (Fig. 10 and Ref. 
34). 

The stressed-type specimens and fixtuix' combination 
were investigated experimentally to measure the stK'ss 
levels reached during installation and applied under the 
final loaded condition to determine elleet of thermal 
stability; and to demonstrati' physical stability. The com- 
ponents used for these tests were selected From a regular 
test lot. 'rlie three 6.\l-4\’ titanium (fully heat-treatedl 
specimens wi'ie instrumented with a conventional strain 
gauge attached to tin,' conxex oi' tension surface of the 
.specimen when loaded. Roth ().\I-4V titanium (fully heat- 
treated) and iVrex glass (Corning (ilass. Code .Number 
77 10) fixtures were used. The fixtures had been sized to 
prox ide 0.22 1 -cm (0.087 in.) eompri'ssion or desireil inter- 
ference lit to e;ieh specimen in order to imuluce the (]!'/( 

> ield stress lexel. 

(,'are was taken dining installation and remoxal to 
stress the speeimen only to the |Joiiit necessary lor a slide 



Fig. 10. Stressed specimen loading fixture 
and strain measurement 


fit into the recess of the fixture. Cocking of the loaded 
specimen xvas avoided to assure uniform bearing stre.sses 
oil eacli edge. 

The specimen stre.sses xx’ere measured resulting from 
installation, final test position in the holder, and removal. 
Other measurements xx'ere taken xvith special fixtures of 
varying interferonce lengths to obtain different stre.ss 
lex'els. These results are pre.sented in J'^ig, 11. Tlie loxver 
enrx e represeiitiiig the final test condition iiuHeates com- 
plianee with the stres.sed si>eeinien re(|nirements of 67% 
of alloxvable yield stre.s.s for 6A1-1V titanium fully lii'at- 
treated. 1’lie upper curve shows that installation stresses 
do not exceed the allowable yield stri'ss. 

Tliennal stability tests were eondneted at 2l' C (70'’!'') 
teiinieratnre and (ll.'i'^F) ti'iiiiieratnre to simulate 
the long-term storage eimditioii. The results iiiclieated 
that the stre.ss level lU cveased approximately 3.3 MN/m" 
(0..'5 k.si) in the titaiiimn fixture and inereased appmxi- 
imiteiy 2.0 MN/m' (0.3 k.si) in the glass fixtures. 

rile pliysieal staliility of llii- tliree speeinii iis was dem 
oiistrated liy installing and leinoviiig tin first .speeimi'ii 
from its titaiiinm stress lixliiie twice, each lime eheeking 
the strain gauge zero point xvilh the sjjeeimen in the 
reliixed state. Faeli of (lie (xxo remaitiing .sneeimeiis weie 
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Fig. U. Test coupon stress versus retaining fixture interference 

cycled once. No shift exceeded 6.9 MN/m= (1.0 ksi). Also, 
all specimens left in the titanium stress fixture for se\'cn 
(7) days at 74% yield, and in the glass fixture for 39 days 
at 62% yield returned to within 6.9 MN/m=' (1.0 ksi) of 
the original zero point when removed from the respective 
stress fixtures. 

The above data validate the accuracy of the analytical 
method for determining the stressed specimen conditions 
and attendant handling techniques. 

3. Capsule Final Design. The glass ampule or test con- 
tainer configuration (Fig. 4) was established under the 
Phase I subprogram. Final improvements were incorpo- 
rated in Piiase H to providt; the optimum test container 
for storage testing. Two sigiiifieant improvements are 
discussed which eos'cr method of test and means of st’ns- 
ing internal pressure. 

In ordc'r to obtain the best possible experimental 
results, it is clear that two conditions must be met. First, 
tlu‘ test reactions between the test item and fluid iinist be 
coinpU'tely isolated within the test container. Second, 
external influences, other than the ambient temperature 
of 4.3“C (110''F), must be eliminated or ])revcnted from 
alh'Cling the elieinieal or eleelrochemieal le.tetions taking 
place. A tvpical interaction problem is covered in Section 
II-B-j. 

It is axiomatic that hermetic sealing of the le.st item 
and fluid .satisfies both reiinirements. Eneapstilation was 
aecomjilished by hennetieally sealing the uiiper portion 
of each eapsTd<‘. A typical test specimeii/llnid/eapsnie 
combinalitHf is shown in Fig, 12. 'I’he capsule is made 
from IVrex glass and carefully anm'aled to avoid internal 
.stresses (Hef, 2<S). A fiansition section, also of Pyrex glass, 
was I used to the capsule openitig and finally, at the top, 
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Fig. 12. Phase It test specimen/ capsule 


a hennetic seal was made hy glass fusion to contain any 
pre.ssiire generated within the capsule during test. During 
the final fusing oiJeiatinii, the propellant was iu a Iro/eii 
state, and the eapsuh’ in an evacuated eondition. .Since 
glass is noiieiy.stalline in nature, the working stress within 
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tlu! was kept low, on the onlor of fi,() MN/m- 

(0.88 ksi), to avoid any tcndf'iiey for ^la.ss croo)) to ooiair 
at llic amliiciil test tcmpcraliirc of 'I8°C: (110"F) and the; 
norma! tc.sl tcmiination prv.ssnro of 8 !.d N/cin- (50 psia) 
tiiat was t'staldi.slu'd for tins projrram. Another prrlincnt 
clianHi' invo!\’('d tin* mothod of sensing and mcasnrinj' tlw 
intornal capsnlc prcssinv, Tho new method consisted of 
using an oxteanally mounted transdnee'r locate-d on the 
cylindrical portion of the capsule (Fig. 12). Specifically 
the transducer, consisting of four strain gauges, con- 
nectc'd as a Wdicatstonc })iidg(>, was carefully bonded to 
i-ach glass capsule for the pui pose of both sensing capsule 
internal pressures and coma>rting these pressures to e'lec- 
trical signals that could he monitored remotely. The 
transclucer gc'uerates an electrical signal of 2 for each 
0.025 ;un (1 ^in.) expansion or contraction of tlu' cap- 
sule. A transducer output of 4 iiV is equivalcmt to 0.69 
N/cm- (1.0 psi) differential prcs.surc across the capsule 
wall. Hecause of the .sensitive nature of the transducer, 
the proper processing of the glassware and curing of the 
bonding material is important. F,ach specimen/capsule 
was calihiated a.s a unit frim 0-44.8 N/cm- (0 to 65 psia) 
at 4.4°C (110*F), prior to the propellant filling operation, 
to correct for variations in ghi-ss tljickness, bonding tech- 
niques, and electrical characteristics. The problems asso- 
ciated with this usage were recognized and appropriate 
technology developed prior to use in Phas(> 11 (Hc-fs. .80 
to 31). 

After completing the final seal, the .specimeu/capsule 
combination, at all times, was maintained with the pro- 
pellant in frozen condition to allow handling and .shiji- 
ping, and to ))revent, or severely inhibit, any prematuo' 
chemical reaction from taking place until placed in tt‘st. 

In .summary, the foregoing final test tsmfiguration 
ri'presents the preferrc'd standard for this application. 
The advantages include ability to visually ob.snve on- 
.going testing, ami laeasUR- internal ]uvssnr(' changes. 

I he Use of fragile glasswaia> did add certain complica- 
tions; however, these were resoIv«‘d anil controlleil sue- 
cessiiilly with the use oi s|)eeial handling proeeduri's. The 
linal proiluet was proihieed mt a semiproduetion basis iit 
reasonable unit costs. ‘I'he speeinieii capsules were pie- 
pared in a clean room with a Federal Standard 2()9.\, 
(.‘lass l(K) certification. 

for a more detailed deseriplioii of capsule preparation 
under cm it tael, see befs. .30 to .32. 


4. Test Description 

II, Test luwilih/. A special ti'st facility was di'signi'd 
and constructed (l'4gs. 1.3 and 14; Refs. ,3,5 and 36) for 
this materiiil conipruibilily prognun to provide the neces- 
sary environment for specimims undergoing multiyirar 
compatibility storagi'. The facility is located at the ’jPf, 
Fdwiirds 'i'est .Station, Fdwards, Calif. 

T he structure consists of four test rooms separated by 
30.48-cm (12 in.) thick steel-reinforced concrete walls. 
Lach room is provided with meclianical equipment to 
permit independent opirratiou with a controlled environ- 
ment. This includes separate controls, heaters, blowers, 
exhaust fans, drain lines, and instrumentation. Each wall 
is in.sulated and covered with aluininmn sheeting for HF 
shielding. Separate heating loops can heat each bay from 
ambient to 65.5“C (1,50''F) temiierature. 

The test bav's identified as test rack rooms (Fig. 13) are 
used exclusively for conducting this multiyear storage 
program. Ambient temperature is luaintained at 43'‘C 
(110°!') and special baffling provides a uuiforin tempera- 
ture gradient within the test l>ay from wall to wall and 
lloor to ceiling. 

Each test bay is equipped with a circular rotatable 
storage rack or lazj'-susan ty'pe of airangcment with a 
capability to hold over 900 test capsules (Fig. 15). The 



A oiMUAi I stmot Acass ouor 

7. eONIINUOnS AMIVILNT UMPO AUJU (llO'i) 

Fig. 13. Material compatibility test facility schematic 
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Fig. 14. Material compatibility test facility 


rack (made from alumimim alloy) is approximately 
2.13-m-diam (84 in.) with a 2.08-m (82 in.) height. The 
individual tc.st capsule compartment is illustrated in 
Fig. 16 and includes: means for retention in a vertical 
po.sition, electrical terminals for connection to the strain 
gauge, compailment walls acting as protective shields, 
and horizontal channels for draining purposes in the 
eveixt of cap.sulc failure and stdxscriuent propellant spill- 
age. Special access openings allow single installation 
(lief. 37), singhi removal (lief. 38), and visual ohservation 
of test capsules from outside of the building through the 
2.54-cm (1 in.) thick transparent panels that are explosion 
resistant. Tlie te:;t rack is rotatalde manually (by means 
of crank and gear drive) around its x'ertical axis to a 
position such tliat each tc.st cap.sulc position is safely 
accessible by opening one of the singli' dtiors provided 
for each tier or row of test units. Figure 16 also shows an 
operator wearing the prescribed safi'ty eijuipment, and 
removing a hazardous test capsule from the cireiilar test 
rack. 

Under Section 11-11-2 the two critical test conditions 
wi-rc discussed. It is appropriatr- to (pialify those st.ite- 
ineiits with the following information. 

Under the general ))i<)gram plan, a few test cajisulcs 
are removed .semiannually for posltest analy.sis. nnring 
this op<'ralion, capsules are subjected to a very slow 
rotational inovr’iuent as the rack is being positioned. In 
addition, the lest units arc exposi'd to photochemical 
reaction dmin:; the period that the exterior ar-cess dooi 
is opi-n (Fig. 16). The.se induced and natural environ- 
mental conditions are considered to hax'c a negligible 
eliecl on the overall test results because ol the inlre- 
((Ueney of oecurrenee. 



Fig. 15. Test rack for storing specimen/capsule test units 


]). Procedure.^. Program objectives and details discussed 
in .Section 1-D indicate tliat a carefully planned and sys- 
tematically executed program is a p'-erequisite for obtain- 
ing the technical infonnation that can he applied with a 
high degri'c of confidener’. Tlu- scope <if procedures and 
specifications included all aspects ol tlu“ total program. 
The pin]io.sc has been to maintain a liigh degree ol 
control over all phases dnritig imiilcincntation. and pro- 
xide tlic necessary infonnation to me<-t the program 
rixpiireinents. list of ty|heal items includes raw mate- 
rials, propellants, preparation iUid processing ol tr'sl sain- 
])Ies cleaning a,s|ieefs. encapsulation of test materials and 
ini))K'llants, pri'- and posttesl handling and tran.spi illa- 
tion, lest o)icralioiis, [uistlcsl analysis, lacililies, and safely 
considerations lor personnel. 

llccause of the many variables, there is a cotilinning 
elfort to (octis on stiindardi/.alion of methods in order to 
provide nmfoim lest standards and minimize costs. 
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Fig. 16. Facility special access door used for 
installing and removing test units 


c. Test Terminaliou. Tlic implications of tcnninatinR a 
test Iwcau.sc of ciucstiona’ilc materials or for eNamination 
were carefully ctmsidereil hecau.se of tl>e potential haz- 
ards involved in liandliiif' the sealed t«'st capsule. 1 1 k‘ 
most critical operation occurs timing the removal frotn 
the test ct'll and transfer to the next storage facility. 

Tlic safety measures pre.'-cribed for personnel during 
this transfer opt'iation art' illustrated in I'ig. 10. The 
.special features of “capsule size” single-access door, han- 
tlliug tool, altmg with safely et|uipment provide the 
maximum [n-ott'ctitju to personnel. 

The erilevion decided upon for termiiialiug a test ainl 
remtwing tlie lest unit was based uptm the glass ampule 
allowable si ress. Kaeh eairsule was prot)f prt'.ssure testetl 
tt) 1 14.0 N7em- (10.5 psig) Irefore use. Siiico :i faett)r safety 
t)f .‘i.O was etriisitlered atlet|uate, it nominal termination 
prt’.ssure of .44.4 N'/cm- (.50 p.sia) was established for 
lUitomatie remtrval from active storage te.sfing. The cap- 
sule internal pre.ssuie is delermiuetl fmm the strain gauge 
iiieasurtmieiils. 


Ciipsiiles remtu’t’d from test are placed in n im?c!iani- 
eally refrigerated chanilier where the tomperalnvt? is 
continnonsly inaintiiined iit "4.5.5“C (• 50'’ I*’), At tliis 
low temptnature, the test unit is considered rt'latively 
safe hecutise of tlie reduced vapor prtfssure and lieean.se 
jiny further chemical reiictitms are severt'ly inhilrited. Tost 
unit.s remain under refrigeration at fhtt JPl. Edwards Te.st 
Stiititm until transfei’ to Pasiulena for posltest amilysis, 

5. Postlcst Analysis. 4lte setrpe t>f this progi itm inciu - 
poiiites ii huge variety t>f specimens (base luiiterials, 
bimebils, weltlments, and stressed specimens) and the 
ongoing, real-time exposure testing provides rt'sults t>n a 
eontimiit g basis. 

A rationale lias been developed for applying this data 
bank to fit the needs of .Advanced Development W'ork 
and Flight Projects. The basic rationale applied to post- 
test Cl valuations consists of the following; 

(1) Establishing proper criteria for selecting materials 
to bc' removed for posttest analysis as opposed to a 
fixed or preclc'tennined pullout schc'dule, regardless 
of interactions or degradation. 

(2) Pulling out of test only those units displaying ob- 
vious incompatibility (prc,ssnre rise, propc41ant dis- 
coloration, etc.) for characterization. 

(3) Providing units of basic or critical impoi tance to 
specific project nec'ds, 

(4) Minimal evaluations that depend on tlu> latest ad- 
vances in tills fielcl. 

(5) Flexibility to offer tlie option of more detailed 
characterization whiTc neee.ssary. 

'I'his last item is important since it is not always possi- 
lile to anticipate the extent of iiiteraetmii.s that miglit 
occur during the exposuri' test, d'lu' number and types of 
additional tests above tlie minimum or nominal level are 
depeiideiil upon llie [lartieiilar ease and are identified at 
the time of analysis. 

A eonsiderable immber of test eapsuh’s from tlie 
Phase II program liave been snbjeetc’d to postlcst a.ialy- 
sis. To date, material ('Valuations and prot)(4hint ebarae- 
teiizalioiis have Iieeii aceomplislied using over !K) te.st 
units, and the resuhs of these analy.ses are inehidi-d in this 
reimi t and Appendices A and (1. Tbi' work was primarily 
direeled tow;iid invesligafion of fuel-type specimens. 
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Propellant charactcri:ication analyses are perfoinicd to 
determine particulate content and nonvolatile residue, 
decomposition products, and gas products. 

Material evaluations of specimens include weighing, 
examination, and the cletemiination of physical and metal- 
lurgical changes. Typically, this covers such items as 
dimensional changes, and type of damage (i.e., general 
corrosion, stress-corrosion cracking, intergranidar cono- 
sion, pitting, embrittlement, staining, and coating or 
scaling). 

One important finding deals with the use of cleaning 
sohents. Four test specimens of 6A1-4V titanium in as- 
rcccivcd hydrazine, removed from the fuel test-bay at 
JPL Edw'ards Test Station, were ci’aluated extensively 
by JPL (Ref. 23) and the Stanford Research Institute 
(Ref. 39) to determine th(> reason for the occurrence of 
hydrogen embrittlement. The conclusion reached was 
that decomposition of the hydrazine and corrosion of the 
titanium resulted from a reaction between the hydrazine 
and Freon-TF used as a cleaning agent. Thus, isopropyl 
alcohol is tlu' recommended cleaning and rinsing agent 
for all 6A1-1V' titanium that will he in contact with hydra- 
zine; the use of Freon, or Freon-type materials, should 
he prohibited as cleaning or rinsing agents for all 6AI- 1\’ 
titanium tlnit will be in contact with licpiid or gaseous 
hydrazine. lsoprop\ l alcohol is belter than I'Teon for 
removing organic ir.ati'iial and does not interact with 
the hydrazine or the titanium. This information Inis been 
included in NASA Pre-Alert No. E4-70-03A (Ref. 40). As 
a result, the cleaning procedure for this program was 
changed on Octobi-r 1970 to use only isopropyl alcohol. 

Comph'te details of posttest exalnations are presented 
in snbse((uent sections along with methods and descri]i- 
tions of laboratoiy e(|uipinent used for this purpose. 

III. Posttest Chemical Analysis Procedure 

A. Discussion 

Tui) basic posttesl analysis pioeedmcs, sliowu si-lie- 
iiiatically in l''igs. 17 and l-S were di vi'loped and used in 
this program. The procedure witli the distillation process 
fFig. 17) pi'ovides for a com])Iele analysis of all coin- 
poin nts. 'I he iiroeediiie uilliout tlie distillation pioeess 
(I'ig. IS) provides for a limited analysis. A preselected 
item is Mibje cti d to analysis; fui- lAanipIe, (,‘{) . 


Tlu; choice of the posttest analysis procedure to be 
applied is dependent upon the test unit liistoi-y, and the 
l(‘vel of infonnation requirr-d to permit satisfactory as- 
sessmnit of ri'sults. Details of tlicsse operating procedures 
are discusst^d next. 

1, Procedure — Complete Analysis. This iirocedurc, 
shown in Fig. 17, inv'olves distillation of chemical and 
gaseous components. The propellant is frozen b\' im- 
mersion in liquid nitrogen (LNj), and the capsule is 
placed in the opening fixture (Fig. 19). The capsule tip 
is broken and the volume of noncondensiblc gases 
(mostly N.j an<! H..) ineitsured in a calibrated vacuum 
system. Tire byd’ azine is tbawod and refrozen at — 30°C 
(— 22°F) and the gas at that temperature, mainly NHt 
is measured. The purity of the residual hydrazine is 
detennint'd by gas cliromatography wliicb measures 
NH.t, H-jO. MMH, and UDMH. Aniline is determined 
colorimetrically. Metal content is analyzed by atomic 
absorption teclmi(iiie.s. A turbidinietric method is used 
for low concentrations of chloride; liigher concent rat ions 
are titrated. Fluoride is determined coloritnetiieally. 

2. PrtKedure — Limited .Analysis. This procedure, shown 
in Fig. IS, does not include tiie distillation process. Spe- 
cifically, this is an ahbreviiited version of the above anal- 
ysis. Section III-A-1. and involves the measurement of 
only the iioneoiuhaisible gases, ]iy<lr{)gen and nitrogen. 
'I'he residual hydraziin' is removed from tlie capsule 
u.sing a syringe and is anah'zed h\' gas ehroinatograpliv' 
for NH:, and Ib.O. If the Nil , eonfent is high, theie may 
hi‘ an error due to NH- evcilntion before anaiysi.s. Chlo- 
ride and fluoride ion eonlenfs are delernhned as above. 

B. Decomposition Gases 

L Cumpusitiim. Tlie eontoits of tlie posttest capsule 
are frozen in lir|uid ’litrogeii and tlie.i prepared for 
sampling as follows: 'I'lie strain gauge is very earefnilv 
seraped off with a sharp razor blade, a smalt serateh is 
made on tin' neck of the capsule. ;md the capsule is then 
enclosed in the f;RFS opening fixture (Fig. 19). The sys- 
N'ln is pumped down tor .several hours to remove mois- 
tim- I mm the outside of the capsule. The fixture is tlieii 
filled with dry helium to 0..3 :itmospheres. to aid in heal 
transler. and immer.serl into li(|iiid nitrogen tn a depth 
rcpial to oiie-lialf of the capsule. After ;il»onl an hmir. 
tile helium is pmiiijrd out. When a salisfaetoiy vaiinmi 
has heeti attained |l,3'- 10’ N/m ). the gas samplim; 
system is isolated Irom the vaeniim immp. ;nid the inek 
of tlie capsule is limki'ti by tinning the lannile on tlie 
fi.stnic. by ine;iii'> ni a v.ninmi (Torplci’ piimi). tlie 
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Fig. 17. Procedure for complete posttest chemical analysis (with distillation) 
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Fig. 18. Procedure for limited posttest chemical analysis (without distillation) 
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priid upon the \’olumc of iiiti'ogen plus hydrogen (assum- 
ing luigligihle solubility in the hydrazine) and the volume 
of ammonia in the vapor phase. 

The contributions of nitrogen and hydrogen are cal- 
culated from the perfect gas law: 


p 

V 

P 1 - partial pressure of gas in atmospheres 

N ~ moles of gas = cm= gas (STP)/22,400 

R - universal gas constant = 82.06 em’-atm/ 
dcg-mole 

T 316.6 K (1I0°F) 

V = ullage volume of capsule, cm’ 


( 1 ) 


U 

Fig. 19. Specimen/capsule test opening fixture 


released noncondensible gases are pumped off through 
a liquid nitrogen trap. 'I'he volume of the collected gases 
is measured manometrieally and a sample is taken for 
analysis by a mass spc'ctrometer. 

The propellant is thawed and distilled, fn vacuo, into 
traps cooled by li(|uid nitrogen. Tlie lif|uid nitrogen 
traps are replaced by traps at 30®C (■ 22^F). After 
repc'ated thawing and refreezing of tlu“ hydrazine, the 
reniaining eoudeiisibh' ga.s<>s (mainly Nil,) ai(> pumped 
off, nu'asured and samph'd. 

2, Calculated Final Capsule Pressure, 'llie mean vol- 
ume of the f('st capsules is 82:' 1 cm'. With 20 g of 
hydrazine and a standard metal coupon, llu> ullage is 
about fK) cm' at 1.3' C (110'’F). If a sfre.ss fixture is jiivs- 
eiil, or if tliero are uoiinietals in the eapsnie, the ullage is 
recomputed accordingly. The pressure ealeiilations de- 


Tlic calculation of pressure due to the ammonia is not 
so simple and straightforward. Ammonia is highly soluble 
in hydrazine and may not necessarily be considered an 
ideal gas at the temperature and pressures considered. 

Foi+uiiately, solubility data for ammonia in hydrazine 
are available (Ref. 41), Altliougb the data do not cover 
the temperature of interest, viz., 43°C (110°F), it is 
possible to e.\trapolate the data of the above reforencetl 
rcjport. It can be shown that for ammonia dissolved in 
hydrazine, the following relationship can be used to 
determine the ammonia pressure as a close appro.xi- 
mation: 



where 

P - partial pressure of ammonia, atm 
N moles of ammonia in system 
w moles of hydra/iiie in system 
K ('(niilibrium eonstanl (0.0155 at 43°C, 110"F). 

A similar I'xpressioii can be deriv<’d for the pressure of 
ammonia over moiiomethylhydiazine. Tlie value of K in 
tins ea.se is 0.064 at 13'’C (IK)' 

3. ITcssiire Rise Rate. Ft would he of interest, both 
piaelieally and tlieoretieally, to bax’e eur\' expressing 
pressim' as a fniietion of tiiiit' for each tc.st capsule, Uii- 
loitunately, due to aging of flu- bonding material, some 
of the strain gang- data have luoven to be tmrdlable. 
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For tliis reason, no data for the internal pressure rise ns 
a function of time are being presented in this report. 

4. Percentage of Hydrazine Deeomposed. Tlie percent- 
age of hydrazine decomposed is calculated from the total 
weight of the ga.seous products of decomposition — Vv/.., 
nitrogen, hydrogen, and ammonia. SonK' hydrogen may 
arise from the attack of metals by acidic constituents, 
but the error, if any, is insignificant particularly because 
of the low molecular weight of hydrogen. 

C. Residual Hydrazine 

The residual hydrazine is removed from the capsule 
by distillation, in vacuo, into a liquid nitrogen cooled 
trap after the decomposition gases are removed and 
analyzed as described above. 

1. Impurities 

fl. N//3 and HiO. The NH;, and H-O contents of tlie 
hydrazine are analyzed by gas chromatography using a 
0.0065-m-diam X 2-m-long (1/4 in. X 6 ft) column filled 
with powdered Teflon coated with 15% of tri- 
ethanolamine. The inlet and column temperatures are 
held at 90°C (194°F) and the helium flow set at 100 
em’/min. This column separates NH^, H-^O, and in 

that order. 

h. Aniline. Aniline is determined .spectrophotomotric- 
ally by diluting 0.5 ml N JI, with water to 50 ml and 
determining the absorbance in a 1.0-cni cell at 280 nin. 

2. Contaminants 

a. Metals. The capsule is cut opi'ii and the metal 
sample rinsed, while adhering material is nibbed loose 
with a rubber policeman, Any re.sidue in the capsule' is 
also rinsed out. All washings and residue are acidifie-d 
with 5% IINO.i, diluted to a known volume with water 
and analyzed for the appropriate- nie-tals by atomic ab- 
sorption. 

h. llulofiens. An alieniof eif tlie- aciclifie-d washings is 
checkeel for chloride b\’ turbidiim'try. If the clilenide’ con- 
te'iit is high, titratiem can be useel. The fltienieh' ion con- 
tent is dt termiiu'd by a spe-etroiihotennetric inetheiel based 
eni the' bleaeliing of a zireeiniiim alizarin color complex 
by fliienide ion. Tin' ab.soibanee is measuve'd at 525 nm. 

c. ('arhon dioxide. Ilyclraz.iiie' re-aets with earlioii di- 
eixide' to form the salt, hyelra/iniiim earha/ate. The e(|iia- 
fiem for this re-aetion is 


CO3 I- 2NJI,-^ (N,H:,) (NII3NHCOO) 

The; method of analysis involves the addition of a sample 
of hydrazine to an excess of sulfamic acid. Tlie? sulfamic 
acid causes the liberation of CO- from the hydrazinium 
carbazatc, Sulfamic acid was sclccte-d for use- in the- 
analysis because hydrazinium sulfamatc is soluble in 
water and sulfamic acid is nonvolatile. 

The liberated CO- is sw'ipt out of solution with helium 
gas, through a trap containing concentrated sulfuric acid 
to rcmox'c the water, and then through a special trap 
containing small glass beads where the CO.3 present is 
frozen out at liquid nitrogen temperature. 

Tlie trap containing tlie frozen GO- is providvJ with 
a special 4-\vay stopcock which permits the CO- to be 
isolated in its loop. Tliis trap is attached to a special 
sample introduction system on a custom built chromato- 
graph which permits the c-ollected CO- to be ([uantita- 
tivel)' transferred througli a chromatographic column for 
separation and assay. Refer to .\ppendix D for details of 
this method. 

IV. Posttest Analysis Procedure for Specimens 

A. Discussion 

Each specimen is examined and tested to determine 
if physical or metallurgical changes luive taken place. 
Surface conditions are examined at low magnifications 
u'ith a microscope. Selected surface areas and/or samp!<’ 
cross sections are examined at higher magnifications with 
a scanning electron micm.scope. Mcclianica! propcrtii'S 
ti'sls are eondueted in certain eases tt) establish ultimate 
and yii'ld teiisih' pm|»-rti<'s and ]iercent elongation. 

The important categories are listed below ; 

(I) Weigllt. 

(21 Appearance am! Ineation of the lir)uid/vapor inler- 
faee lionmlarv’. 

(5) Rresence and disti ihnlioii nf foiinations, coloretl 
stain, nr lilin. 

(4) .Streaks, mottling, ami .spotting ol >-m-|.iee. 

(5) i’re.seiiee nf etystalliiie de|)osits. 

(()) l‘'laking and eratkiiig of scale (hate spots). 
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(7) Physical change: degree of etching over entire sur- 
face or a local area such as the liquid end, edges, 
or bimetal contact area, etc. 

(8) Extent of pitting: identification, size, and distribu- 
tion. 

(9) Extent of cracking; identification, size, and distri- 
bution. 

(10) Mechanical properties test. 

(11) Environment sensitivity. 

The details of this operating procedure arc discussed 
next and are also shown schematically in Figs. 20 and 21. 



v^nciBILITY OF THE 
PA.GE IS POOR 

B. Specimen/Capsule Inspection 

The first visual inspection is tlie appearance of tire 
specimens las viewed within tlic capsule. At nonnal com- 
patibility the liquid is clear (water white) and the spec- 
imen is unchanged. At higher hydrazine: contamination 
levels, tlu: liquid usually tunis pink or red and the vapor- 
exposed end of tlic specimen appears darkened, either 
uniformly or in a blotehy manner. 

C. Metallic Specimen Examination 

After removal of the liquid, the specimen was placed 
in a beaker where it was washed with water and also 
organic solvent, if required, to remove any organic coat- 



Fig. 20. Metallic specimen analysis proccaure Fig- 21. Nonmelaltic specimen analysis procedure 
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inn-s. In Hif c'urly poslU'St studii's, the loose scale anil 
film was removed and colkicted using a rubber police- 
man. All the loose' scale and film were analyzed as part 
of the metallic residue in the* propellant, and thus the 
residue includt'd both di.ssolved iK'tal ions and the metal 
in the loose oxide scale, Later ,sp('ciniens were not rubbed 
but only wa.shed, and the .specimen retained more of the 
loose oxide scale and mst crystals on the surface which 
was then examined microscopically. The washed spec- 
imen was oven dried at 75"C (167®F) and examined 
visually at a magnification factor of 60. 

1. Mass Change. Tlie metal specimen mass was mea- 
sured to within ±0.1 mg after distilled water rinsing and 
air oven drying at 75“C (167'^F). This mass was com- 
pared with the pretest specimen mass measuri'd after 
cleaning and passi\'ation, This posttest mass included 
both the effects of mass loss due to metal dissolved and 
mass gains due to oxide film buildup. Usually, the vapor 
exposed surface exhibited more oxide film buildup than 
the wetted surface'. The mass of the metal residue in the 
posttest hydrazine v'as taken as the mass loss of the 
Wetted surface. Only when the total corrosion w’as rela- 
tively hi . ' did the measured specimen weight change 
agree witii the mass of metal re.sidiu'. For small amounts 
of corrosion, the measured mass changes were as often 
positive' as negative, 

2. Liquid-Vapor Interface. The liquid immersed area 
(apparent svetted surface as opposed to actual wetted 
surface that includes effects of pits and scratches) was 
usually indicated by the visible location of the liqiiid- 
\'apor interface (L-V) boundary marked by a distinct 
change in appearance, conci'utration of surface film, or 
corrosion. For slug specimens immersed in 20 cm-* (1.2 in.**) 
of hydrazine this depth of immersion ty'pically was 
•1.4.5 cm (1.75 in.), giving an immersed surface apparent 
area for a U'pieal slug specimen of 11.97 cm- (1.86 in.-). 
In 20 CUV* of hydrazine the typical spi'cimen wetted area 
to propellant \’olunu‘ ratio (s/V) was 0.6 cni"'. The im- 
mersed ari'a for otla'r specimen geometries was measured 
similarly. 

0. Surface Condition. Si)eeinien surface stains of a 
tlefinite color (e.g., blue, green, or red) on the specimen 
surface was an indication of thin film approximately 0.2 to 
0.4 iiin thick. The color was due to spectral interference 
in the redeeted light passing through the film. \Vhen the 
film was thicker than 0.5 /mi, the surface usually appeared 
darkened, 'rhese film thicknesses were confirmed by 
scanning electron mieroseo])e (SFM) evaniinalion in 
wliieh film thickness could often be iiu-asiired to 0.1 /an. 


Visual characteristics may be observed under the 
microscope by lightly scratching the surface with a sharp 
hardeiK'd steel scribe. The ductility and hardnes.s of the 
surfaces could be compared in this way. Aluminum, 
corrasion-resistant steels, and titanium appeared .soft and 
ductile as they were being .scratched, Chromt' plate and 
tungsten carbide wore not affected by the steel scribe. 
An Exacto blade was used to scrape; areas of the fihn 
from the surface. Some films less than 2 juin thick were 
not visible at 60X , but a waxlike residue could be .scrapr’d 
from the surface in sufficient quantity to be visible at 
60X. This material from selected specimens was trans- 
ferred to a graphite mount for subsequent SEM analysis 
by X-ray dispersion. Sonic colored stains were swabbed 
with an organic solvent (acetone) to determine if the film 
w'as a soluble organic residue or an oxide film resulting 
from corrosive attack. Surface films 2 /tin (0.0001 in.) could 
be scraped off the specimen so that thicknc,ss with and 
without the film could be recorded. Thinner films could 
not be successfully removed over a large enough area to 
measure the thickness of the specimc'ii without the film. 
However, such films were hard enough and usually 
cracked such that the film thickness down to 0.1 ;un could 
be estimated from the SEM photographs at 2000 X to 
5000X magnifications. 

4. Physical Change. The only metal dimensicmal change 
of significance was the specimen thickness change. This 
was measured with or without surface films, using a 
0-2.54 cm (0-1 in.) micrometer at locations ever\' 0.65 cm 
(0.25 in.) to 1.3 cm (0.5 in.) along the specimen length. 
Readings of thickness, nominally 0.076 cm (0.0.300 in.), 
were; read to 0.00025 cm (O.OtXll in.) and in general, the 
readings were accurate' and repeatable to 7 *_ 0.00025 cm 
(r.'^O.OOOl in.). In addition to the visual observations 
de'seribed above, the surfaces were examitu-d using the 
SEM and on seh’cted spednu ns tlu' surface finish was 
measured using a Rendix Preificorder. 

The Cambridge SEM list'd was eapabh' of holding 
three or more complete flat nu'tallic slug speeimens (a 
total specimen viewing size of 3.8 cm X 7,6 cm) mounted 
at a 45-deg vie'wing angle. 'I'lu' spediiu'iis wi-re held in 
till' SEM in an alutniimm foil backing by folding the foil 
over the' specimen edges. This mounting procedure per- 
mitted mounting the specimens wilhoiil the use ol con- 
ducting cement and with tninimuni eonlainination of both 
the posttest specimens and tlu' pretest reference speei- 
nieiis. Reeause of the large s])eeiinen size, the iiionnt was 
constrained to a fixed vu;wing angle and limited tiavei.se 
across the specimen faces. For moi'e Ilexibililx' in evaniin- 
ing the ends of (he specimens and viewie.g at dillerent 
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angles and viewing stcieoscopically, it was necessary to 
cut the slug specimen to a smaller size. 

Using these sizes, sueh as a 2.5-cm (1 in.) portion of 
the specimen which included tlio contact area of a 
bimetal couple, it was also possible to use the energy dis- 
persive X-ray analysis capability of the SEM to identify 
the mctellic composition of the specimen surface films 
and artifacts. For instance, it was found that aluminum 
oxide lapping compound particles were smeared into the 
specimen surface during the slurry lapping process. Also, 
in bimetal couples of an aluminum alloy and stainless 
steel, it was found that aluminum oxide was deposited on 
the stainless steel surfaces. 

The areas to be examined and photographed in the 
SEM were identified and marked, using the 60X light 
microscope. The areas were usually marked by a small 
ink dot and/or a steel scribed rectangle (-~1 mm''') on the 
specimen surface. A sequence of photo magnifications 
(e.g., SOX, 500 X, 5000 X) was used to locate and isolate 
particular significant areas. Readily identified surface 
features included surface finish, pitting depth and diame- 
ter to 0.1 /tm, film and scale, organic, and nonconducting 
surface contamination. Where general surface etching 
occurred as revealed by the SEM, tliickness change mea- 
surements were usually consistent with metal residue 
measurements. Pitting was described in terms of size 
range of major pit diameters, e.g., 0.2-0.8 nm (10-40 /xin.) 
and apparent pit depth, and percentage of surface cov- 
ered by the pits. 

The dimensional changes and surface topography 
changes were noted down to 0.1 ^m and compared with 
similar pretest reference specimens prepared under the 
same specified methods. 

o. Mechanical Property Tests. Mechanical properly 
chango.s were determined, based upon measurements or 
evaluations of hardness profiles, bend strength, tensile 
strength, and microstructure. 


Tensile tests wore conducted on specimens in the exist- 
ing condition or rectangular shape. 

D. Nonmetallic Specimen Examination 

On elastomeric materials examination procedures were 
employed to evaluate the chemical interaction between 
the elastomer and propellant and the change in the 
elastomer properties. Procedures included the following 
steps: 

(1) Specimen weight (blotted, but prior to vacuum 
drying). 

(2) Specimen dimensions (prior to vacuum drying). 

(3) Calculated density and volume change (prior to 
vacuum drying, based on weight and dimensions). 

(4) Shore hardness, and visual appearance. 

(5) Final weight after 167 hr vacuum djying at 60°C 
(140°F). 

(6) Final Shore hardness (after diying). 

(7) Leached residue (Si, S, Zn from EPT-10). 

(8) Tensile strength, and elongation, using miniature 
dog-bone coupons cut from the 2.54 cm X 1.27 cm 
(1.0 X 0.5 in.) specimens after 167 hr of vacuum 
drying. 

(9) Tliormograviinetric analysis (TGA). 

(10) Differential thermal analysis (DTA). 

The TGA analysis provided a graphical plot of speci- 
men weight loss as a function of temperature in an Nj 
atmosphere. A 2- to 3-ing sample of the elastomer was 
heated at a uniform temperature rise rate between room 
temperature and SOO^C (&.30“F). The weight loss, indica- 
tive of volatization and decomposition of the material 
components, was evaluated by comparison to the results 
from an unexposed speciincn. 


Superficial hardness (Rockwell) and mierohardn 
(Knoop) measim'inents were taken on the specimen s 
faces. Microhardness profile measurements were tal 
across tlie specimen cross .section after metallograp 
polishing to detect any change. Specimens were tesi 
in three-point loading at a controlled deflection rate 
{).().•) ein/min (0.02 iii./inin). Load/deficetion curses W( 
recorded and eompared at 0.1 olf.set yield strength a 
at tlu ir ultimate ilexure strengtli. 


I he DTA analysis provided a graphical temperature 
plot of endotherinie or exothennic r<-actions taking plac»> 
within the elastomer specimen as it was lieatetl at a uni- 
form rate between room temperature and 500°C (930 °F). 
1 lie results were inlerprt'ted by comparing the results 
from an utitested control sample. In the thermal evalua- 
tion of KPT'-IO, it was found that a i)roduet was formed 
din ing hydrazine immersion and tlie new product decom- 
posed e.xotherinieally around 2(X)' (J (.3tX)'’F). 
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V.~Posttest Analyses and Results 

A. Discussion 

So far in this program over ninety (90) test units have 
been removed from storage testing and subjected to post- 
test examinations, The results from these immersion tests 
arc presented in this section. 

Posttest analyses were conducted using the procedures 
described in Sections III and IV. The detailed results 
were documented with written reports, and also recorded 
on "data summary fornis” of the type shown in Appendix 
E. Complete information is retained in a permanent 
archive file for retrieval at any time upon request of 
users. In addition, pertinent details of two important 
facets of these analyses are presented. 

B. Summary of Posttest Analyses and Results 

A large amount of detailed information has been gen- 
erated and documented based upon: 

(1) The different analyses performed on each test unit. 

(2) The total number of test units subjected to analyses. 

However, for purposes of tliis report, only a summary of 
this data is considered appropriate. Accordingly a sum- 
mary of the specimens and propellants analyzed and 
major results are tabulated in Appendix A. 


C. Hydrazine Material Compatibility and 
Surface Film Formation 

For hydrazine propellant tlie primary criterion for com- 
patibility has been the decomposition rate of the hydra- 
zine. In general, it has been found that metal corrosion 
itself has been a secondai'y consideration except for tire 
generation and accumulation of corrosion residue which 
can potentially cause valve sealing problems, filter clog- 
ging, small tube clogging, or catalyst bed poisoning. 

The buildup of soluble metal product was measured 
directly in the hydrazine analysis. It was found that the 
metal product was in accord with the composition of the 
immersed alloy, and was approximately proportional to 
the acid-forming contaminant (see total halide contami- 
nation level in Table A-1). In the case of the bimetallic 
couples, cathodic protection was afforded the more noble 
of the metals in the couple; i.t., aluminum was usually 
more severely corroded when coupled with corrosion- 
resistant steel or titanium. 

The SEM examination of specimen surfaces revealed 
subtle effects giving new insights into the mechanism of 
material reactions with hydrazine and its contaminants. 
One facet of the corrosion process revealed by the SEM 
was the formation of thin oxide films on aluminum, 
GRES, and titanium materials which, when dried, tended 
to shrink and flake off the specimen surface when the 


Table 4. Compatibility of CRES and hydrazine doped with CO, 
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film thickness exceeded 1 or 2 /an (Fig, 22). It is po.stn- 
latcd from tlie analyses and obser\'ations that tlic surface 
films were fonned as hydrous oxides as a result of the 
reaction of water with the metal salts formed by acidic 
contaminant (halide, ear' on, dioxide, air, etc.) attack of 
the metal specimens. The shrinking and flaking most 
likely occurred when the specimen was dried. 

For conditions of very low levels of contamination, the 
oxide film which formed on aluminum and titanium dur- 
ing 3-4 year exposure periods resulted (upon drying) in 
oxide flakes 1. or 2-/mi thick and 10- to 20-/un across 
(Fig. 23). 

On aluminum, tliis film was mostly over the vapor- 
exposed surface and thickest at the liquid-vapor bound- 
ary. On titanium, the film extended over the whole 
specimen with an uneven distribution of thickness irom 
0-2 /im. This potential problem area could affect the per- 
formance of such components as valving and metering 
devices. 

D. Effect of Carbon Dioxide Contamination 

A study was made to determine the effects of contami- 
nants such as carbon dioxide or air on hydrazine propel- 
lant and corrosion-resistant steel type materials. The 
hydrazine and materials used in these experiments were 
taken from Phase 11 stock items. 

The hydrazine \^'a5 doped to COj content levels of 27, 
52, 90, and 230 ppm. Test samples (CUES, 303, SOIL, 347) 



rig. 22. Flaking of oxide film from surface of titanium specimen 


inc*asnred 0.6 X 1.2 X 0.076 cm, and c.ich sealetl glass 
cap.sule contaiiuxl 2.0 cm” of liydrazino {s/V ratio 0.7 
cm '). Exposure testing was conducted at 43®C (110“F) 
ambient temperature. A summary of the data is shou’ii 
in Table 4. 

There was a general trend toward more hydrazine de- 
composition and more dissolvtxl iron as the CO- content 
was increased and as the test time was lengthened. It 
appears that a CO- content of 50 ppm in the hydrazine 
would be acceptable for long-tcnn contact with all three 
metals (decomposition generally less than 0.5% per year). 
At a CO- content of 90 ppm, the decomposition rate was 
moderate in the presence of CUES 303 and 304L, but 
significantly higher with CUES 347. A CO.j content of 
200 ppm would be unacceptable because of severe cor- 
rosion of all three metals and the subsequent high degree 
of hydrazine decomposition. A qualitative evaluation of 
the obseivable extent of corrosion was made using tin: 
scanning electron miscroseope. It revealed that the sever- 
ity of pitting and etching of tlie metal surfaces was 
directly related to the quantity of iron dissolved in the 
hydrazine. 



Fig. 7:3. Aluminum oxide film at the liquid-vapor interface on 
aluminum specimen 
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VI. Material Ratings 

A. Discussion 

This section is conecrned with the conversion of the 
test speciinen/in'opellant perfoimance and results, re- 
ported herein, into a rating for the different materials 
r<'lativc to the long-tenn (lO-year) compatilrility require- 
ments delineated in Section I-D. 

Tljc posttest examinations and analytical results arc 
based upon real time, conjoint test properties, and indi- 
cate in terms of descriptions and measurable values, the 
effects of the propellant on the material, and conversely 
the effects of the material on the propellant. 

In order to derive the overall information required for 
this type of a program, a considerable amount of data is 
generated for each test unit, because of the completeness 
of the analyses. Pertinent results are summarized in the 
tables in Appendixes A and C. 

The next logical step is to translate or reduce the 
accumulated information from this complex detailed 
fonn, and replace it with a system of standard descrip- 
tive terms or values to provide a simpler e.xpression of 
the compatibility results. The product of this compres- 
sion, subsequently identified as a rating, is more ame- 
nable to dissemination of generic type compatibility 
information on a direct basis, and also facilitates usage 
in such practical areas as determination of overall per- 
fonnanee, design application, comparison, or cost-effec- 
tive measures. 

B. Rating System Factors and Criteria 

TIk‘ conversion of experimental results into a compre- 
hensive and meaningful output by means of a.sscssments 
and interpretations presents a difficult problem, because 
of tin- different conditions, factors, variables, and com- 
plex interactions involved with each material/propellant 
combination and te.st. 

The general scheme for determining the final rating 
is depicted in Kig. 24, and identifit's the key subdivisions 
involved in tlu' regre.ssion process. 

The ))iiinary multivaiiant factors iniliK'iicing the eoni- 
patiliilily ))henom('iia (conditions) provide <|ualitative 
and quantitative infonnation 'I’he.se data are .sysfemat- 
ieall\- evaluat<‘d (efb-et and (h’gree), and |)erfortiianee 
eharaefeiized using the gi tieral criteria iiulieat«-d in 
I'ig. 2.-r. 
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Fig. 24. Factors leading to propellant/material long-term 
(10-year) rating determination 


H\' way of clarification, these standards have been 
(nolvc-d to seise tire nei-ds for design purposes of the 
Jl’I, advanced developiiu-nt and flight jrroji'cts for long- 
tenn jjlanetary spaceeraft applications, and are con- 
.sidenrl hoth ciiiient and representative for practical 
application. The availaliility of more rr'al-time data on 
the propellaiit/ineta! inleiaetions will peiiiiit refinements 
of these standards. It is axirjinatie tliat spacecraft propul- 
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Fig. 25. Typical criteria for determining propellant/material 
long-term (10-year) rating 


sion components utilize weight-sensitive highly stressed 
stmctural materials. A better understanding of the per- 
formance over the long duration, especially as it affects 
minor or subtle changes, will lead to more reliable and 
improved desigtis. 

C. Description of Classifications Used for 
Rating Materiais 

A classilication system iias been established for rating 
the materials relative to compatibility behavior.' This is 
shown in Fig. 2-4 as tlie last step, and expresses the 
material compatibility perfonnanee in its simplest fonn, 

The classifications and syndiols used are: 

A acceptable 
i\ not acceptable 
I iiK'oin))Ir(e 
H reslrietetl 


'OlliiT (vj)ii ,il ^y'.((■Mls aic lai-v'iilt-il in Kefs. 42 I I. 


Specific materials for a given application arc deter- 
mined to 1)0 either acceptable (A) or not acceptable (N), 
in terms ol compatibility with environmental fluids ovi-r 
the time and dynamics of tlic mi.ssion. However, since 
an A rating is, in fact, a prediction based on available 
data, a (jualifying code is ie<iuired to defiiu- the basis 
and validity of the prediction. ’I'lie approach used is to 
add a rating (lualifier or modifier to eaeli where rc-([uired. 
The syndiols u:;cd are I for incompleti', and R for re- 
stricted; thus malt-rials are rated as follows; A, A- -1, or 
A— U or N. 'I'lie 1 ami H in each ease would be explained 
with background infonnation. 'I'lic definitions of I and 
11 are as follows; 

I - ; liieoiii])let(- compatibility data (a data void) v ilh 
res|)ecl to conditions or time. 

It : He.stiieled eom))atibilily iinlicated by corrosive 
degradalion or ]m>i)t-llatit eonlamination at 
eondilioiis tlial eoiild iniluetice the iiii.ssion. 
eompoiieiit, or o])ei;itim' s|)eei(lealioiis {rei|iiires 
analysis ol iht- specific applie;i(ii)iiK 
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D. Correlation and Application 

To complnto the cli.scus.sion of iating.s, brief comments 
arc made regarding details of tlu; classification category 
(final subdivision .shown in Fig. 24). 

1. CoiTclation. This aspect i.s very important, becau.se 
of the consequences or implications that are a.ssociated 
with the final output or rating. The approach taken was 
to derive the ratings based upon practical treatment of 
the many variables and interiirelation of results. 


To help visualize the steps involved in this transitional 
process, the correlation between the criteria for deter- 
mining compatibility and classifications is illustrated in 
Fig. 26. Tile level of acceptability for test, data is estab- 
lished based upon the comparison of the subject results 
with the standard criteria (intermediate category, Fig. 
25). Tlie rating is then assigned based on results of such 
coinparison(s). 

2. End-Point Application. To summarize, a materials 
rating system has been established to derive engineering 
information and design guidelines from the JPL current 
test program. In consonance with the program goals, the 
system provides for: 

(a) A basis for selecting structural or component ma- 
terial candidates based on the application and 
operating environment. 

(b) A basis for rating the candidate acceptable ma- 
terials in terms of the best data currently available. 

E. General Rating of Materials 

The material compatibility ratings and qualifiers have 
been assigned for the different materials and propellants 
evaluated to date under this program. Influencing fac- 
tors leading to the specific ratings arc presented in the 
iie.xt Sections VI F through 1. These material ratings will 
be updated as new knowledge becomes available from 
the JPL test program. 

Ill coiielusioti, it should be noted that no material is 
rati’d completely acceptable, without (jualification, for 
the teii-y(>ar reijuireim nt at this time. A large mmiber of 
speeimen/capsiiles have been in test for over si.'t years 
and, ba.sed ujkhi visual observations, will apparently last 
longer. However, tlieie are no generally accepted e.xtia- 
jiolation nile.s that can be apjdied at tins time to bridge 
tlu' gap between si.s and ten years. 
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Fig. 26. Correlation between typical criteria, test results, 
and assigned ratings 


F. Hydrazine/Materials, Ten-Year Compatibility Ratings 

1. Hydrazine . The primary effect has been established 
as tlie decomposition of the propellant resulting from im- 
purities in solution and metal contact. 

Rating: Specification grade: Acceptable-Restricted 

(A-R) 

A - Potentially acceptable 

R - The catalytic activity of impurities produce re- 
actions which result in a very slow, but mea.sur- 
ablc increase in the rate of decomposition. 

Rating: Refined Grade or Uncontaminated Form: 

Aeccj)tablc-l i icorn plete ( A-I ) 

A Potentially acceptable. This propellant grade is 
coiisideii'd a low risk. 

1 ■ D:ita lacking for IO-yeai jiei iod 

2. Aluminum Alloy, Tyj>cs 2219-T86, 0061 -TO. The prl- 
iiiary effects have heen establisiied ;is formations and 
pitting. Idle oxide film huildup i.s very thin (on the order 
of 1.0 /tin tliick), and dees not contrihnti; to dceoinpo- 
sitioii. The shallow pitting is well below the criteria limit. 
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Uafiiit;: Aj;o<'|)lal)lc-ltic()m))l<'tc (A-l) 

A l’iil('nti:illy 'I'lu' I'ciulcncy is toward 

minor oompalibilily ('n‘(‘i,(s. 

I Dala larking i'or lO-ycar poriod. 

:i. Coimsion.Uc.sistaiit Steel, Typi^s 302, 303, 30 t, 30 11\,, 
310, 321, and 347, 'I’lic; primary cirrets have; beam (‘.slab- 
li.slu'd as: (1) varying from random corrosion to discrett' 
pitting, and (2) formations. Tlio corrosive attack i.s non- 
nniform with a proclivity for the numerous pits, as they 
b(>come larger than 3,0 /lun, to join other pits, and 
develop an etched av'>a. The net effi'ct falls betwt'en non- 
uniform corrosion and pitting. The oside film formed is 
\'ery thin (appro.ximatelv I.OVm) and porous. Tlu' ciuaii- 
tity of metal, maimy iron, transferred to .solution and as 
resitlue increases the rate of h) clra/.iiie decomposition. 

Rating: Aceeptable-Re.stricted (A-R) 

A '1 he materials are considered potenti;dIy accept- 
table, as noted. 

R Tlu“ performance tends to rc'main in tin* inter- 
mediate range with movement toward a major 
i-ffect, if contamination levels and (‘nviron- 
inents are imcontrolh'd. 

4. Conosion-Resistant Steel, Types 350, .355, 416, 446, 
17-4, and 17-7. The general elFccts have been est;d)lished 
as formations and pitting. The demarcations are consid- 
ered minor, and n?<iuire liirtlier subdivision from the pri- 
mary criteria for more accurate descriptions of effeels. 
'llie film formed consists (jf loeali/.cal surface diseokna- 
tions and tarni.shes, 'I'lie minute pitting is .strictly within 
thecriti-ria limit. Ilytlrazine deeomi)osition is alst) within 
the criteria limit. 

Rating: Aceeptahle-Incomplete 

Potentially ;ieeeptahle. 'I'lie ])erform:mee tends 
to remain in the internn-diate range. 

I Hatii lacking for JO-year period. 

5, iXiekel Rase Alloys 

(i. Iliixirlloii fiiitl liirotu-l. The general ed'eets have 
been established as corrosion, formations, and pitting. 
Nommifonn ;md limited elleets were indie;ited in tlie 
lomi ol a dull metallic finish. f;iint tarnish, and se:iltered 
minute pitting. Tlie allo\ ing promotes hydia/ine deeoin- 
posilion. 


Rating: Aeee|)lal)le-Restricled (A~R) 

A ■ ' 'I he materials nr<‘ oon.sidm’cd provisionally ac- 
cs'ptable, and as noted, 

R : 3'he performance ^(>nds to remain in llu! inter- 
mc'diate rang(‘ with movenumt toward a major 
ell'ecf, if contaminatior levels and environimaits 
are uneontndhid. Reeause of this sensitivity to 
promote decomposition, tlusse materials are con- 
siderr'd less compatible with hydra/.ino than the 
CRE.S type alloys, items K.3 : iid K4. In view of 
the degrading inflneiiees ol iiie.se restrictions, 
specific application factors must also be con- 
sidered, 

h. Nickel. The general effects arc similar to tliosc de- 
scribed for Il.astelloy and Inconel, Item F5a, 'i'be nickel 
promotes hydrazine decomposition. 

Rating: Acceptable-Restricted (A-R) 

A Th- material is considerc'd marginally acce])t- 
able, and as noted, 

R - All restrictions stated in Subsection Vl-F-5-a are 
applicable with the added liability tliat the 
metal is le.ss compatible witli liydrazine than 
l!asti‘llo>' and Inconel. 

6. Titanium 

rt. 'lype 6AI-4V. The general elfecls liave been estab- 
lished as formations and pitting. TIu' oxide film buildup 
is veiy lliin (on the order of 1.0 ,un thick). These effects 
fall well helow the criteria limit, ll is noted that ehloro- 
earbon cleaning solvents can interact with this eoinbi- 
nation, thus leatling to .siTions loss of ineehanieal projr- 
ertii'.s (embritflemonts), 'i'lu'iefore, these' eharaelei izalimis 
and ratings are basi'd upon the speeifle usi' of i.soproi)\'l 
alcohol for all jiroee.ssing. 

Rating; ,-\eeepfahh'-l neoinplele (A-l) 

A Prohably aeeeplablc, This inalei ial is nited the 
hest, heeimse ol the <’\e<‘llent perfonmiiiee. ,\i'- 
eonliiigly. a higher rating i.s :issigned, The (|u;di- 
fier is imiiiilaiiied for eonsisteney of reporting. 

I Dala laekitig for lO-yc-ar period 

7. Others 

ti. (.'.old and chrome platinu.. The prim:irv elleets laive 
bei'ii estEibli.shed as intliiig and loriiialioiis. Imperleelions 
(pitting or pmosily; in the plating :iIlow the propelhml to 
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interact \vitli tlie substrate metal. Tins intcM action bent'ath 
the plating producc.s nonunifonn blisten'ng which also 
affects the local bonding integrity of the plating to the 
metal. Effects are considered within the criteria limit. 

Rating: Acceptable-Incomplete (A-I) 

A — Potcntiall)' acceptable 
I = Data lacking for 10-year period 

b. Tungsten carbide. The primary effect has been 
established as propellant decomposition. The cobalt 
binder is known to be incompatible with hydrazine. 
Criteria limits are exceeded resulting in major effects. 

Rating: .Acceptable-Restricted (.A-R) 

A — Marginalh' acceptable 

R ~ .Additional compatibility information is required 
to demonstrate perfonnance over much longer 
periods of time. The condition for acceptance is 
based upon minimizing the metal and binder 
area in contact with hydrazine, hence, applica- 
tion spt'cific. 

c. .\!olt/bdenum. 'Fhe priniar>- effect has been estab- 
lished as pr<ipe!lant decoinposition. 

Rating: \ot ;»eeeptable (\) 

N - Tlie material is incompatible with hydrazine, 
and results in excessive decomposition, 

H. Polymeric 

a. ICfhiilcnc iJropijIciu; tcrpnhjmer (EPT-IO). 'I’lu; jH i- 
mary effects liave been established as material property 
changi's. loss of elemental constituents tlirough leaching, 
and proj)ellanf decomposition. Tliese effects are typical 
for polytneric matmials. Mechanical irrojierty changes 
were less than lO'r of original values. Zinc (O.Otl mg) was 
extiiicted. but the zinc ion apparently did not catalvze 
hydrazine decmiiimsition. The presence of R.M-5\’ lila- 
iiiuin nielal did i,<>t produce any significant adserse 
sytK rgislic eltecl on <‘ithi‘i' (he polymer or metal. 

Rating; .\<'eep(abIe-Restrieted ( A-R) 

A = I he Kl’ T-lO mail rial is i-onsidered provisiona!l> 
aeee])ta!)Ie and as noted. 

R The ehaiaeti risties of Kl’T-lO indicate a ten- 
dency toxsard nmaining in tlie intermediate 
r.ni 'e. '['he iii.iiii pmlih in is the lack of midli 


year data which necessitates a “provisional" as- 
signment to the rating. 

h. Perfluoroehslomer (LRV-448). This polymeric ma- 
terial is ill the experimental stage of development. Ac- 
cordingly, no rating is assigned. 

9. Lubricant 

a. Knjtox 240AC. The effect of Kr>'tox 240AC, a wet 
lubricant, is not clearly definable, It is stable and com- 
patible, but it does not seem to inhibit corrosion nor 
hydrazine decomposition and does seem to allow free 
diffusion of both the metaLand halide ions. 

Rating: Acceptable-Incomplete (A-I) 

A = Potentially acceptable 
I - Data lacking for 10-yi-ar period 

These ratings are summarized in Table 5, 

G, Hydrazine-Hydrazine Nitrate/Materials Ten-Year 

Compatibility Ratings 

1. Hydrazine-Hydrazine Nitrate: (75% i\-H„ 24% 
NJl,NO , 1 % H.O). The primary effect has been estab- 
lished as the decomposition of the propellant re.snlting 
from impurities in solution and metal contact. 

Rating: Acci-ptable-Rcstricted (A-R) 

A - .Marginally aece)itabh- 

R I he eatab tic actix ity of iiujiuritics |)roduc<‘ re- 
actions which result in an increased rate of dr 
composition. 

2. Aluminum Alloy. Type GOBI -TO. The pi imarv effect 
has bi’eii e.stabli.shi'd as coiidsion, ’I he h(‘avy corrosi<xn 
exceedr d (h<’ criteria limit aiipmaeliitig a major effect. 

Rating: .Acceptable-Restricted (A-R) 

.A .Nhi/ginally acetptable 

R High corrosion rale ju'eseiits a serious jn'oblem. 

:i. (Jorrosion-Rcsistant Steel. 'r> |)es :U):l. and :M7. 
Ihe jnimary rlleet has been I'slabtished ,is corrosion 
xvhieh prodtiees a iiiajor effret. 

Rating: Not aeeejitahli' iNl 

N (.RI..S niateriids .ii'e ineomp.ilihle xxith ll-IIN 
because ol exee'.sixf r iii ro- itin. 
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Table S. Summary of compatibility ratings for materials In 
contact with hydrazine for ten years at 43 *C (UO'F) 


Material 

Rating 

Qiialilier 

Aluminum alloy 

2219-T86, eoei-Te 

A 

I 

Corrosion-resistant steel 

302, 303, 304, 304L, 316, 321, 347 

A 

R 

350, 355 

A 

1 

416, 446 

A 

I 

17-4, 17-7 

A 

I 

Nickel base alloys 

Hastelloe- 

A 

R 

Inconel 

A 

R 

Nickel 

A 

R 

Titanium Alloy 

0A1-4V 

A 

I 

Others 

Chrome plate 

A 

I 

Gold plate 

A 

I 

Tungsten carbide 

A 

R 

Molybdenum 

N 

- 

Polymeric 

Ethylene propylene tcrpolymer 

EP'MO (jPL) 

A 

R 

Lubricant 

Krytox 240AC (Dupont) 

A 

I 

A — Acceptable; N = Not acecpt.ablc; 1 “ 

■ Incomplete; R; 

~ Restricted 


4. Titanium, Type 6AI-4V. The primary criteria iias 
been established as eorrosion and formation. Corrosion 
is considered nonunii'onn. The film fonned (titanium 
oxidr;) is brittle, 2 /Uii tliick, and covered witli fine cracks. 
TIk* results are within the criteria limit. 

Rating: Acceptable-Incomplete (A-I) 

A - Provisionally acceptable 
I -- Data lacking for 10-ycar period. 

These lutings are snmmarizc'd in Table 6. 

H. Monomethylhydrazine/Materlals Ten-Year 
Compatibility Ratings 

1. Propellant, niunomctliylliydrn/inc; innterinls, CHICS 
(Types :U):i, ;i04l,, and titanium CA1-4V). The number of 
posttest analyses pei fonned to date is veiy limited. How- 
evrT, it was concluded that these combinations exliihited 


Table 6. Summary of compatibility ratings for materials In 
contact with hydrazine-hydrazine nitrate for ten years at 43*C 
(110*F) 


Material — 

Rating 

Qualifier 

Aluminiiin alloy 
606M'6 

^ 

R 

Corrosion-resistant steel 
303, 304, 347_ 

N 


Titanium Alloy 
6A1-4V 

A 

I 


more compatibility than the same materials with hydra- 
zinc. 

Rating: .Acceptable-Incomplete (A-I) 

A — Potentially acceptable 

I = Additional data required. Data lacking for 10- 
year period. 

2. Polymeric: Teflon, FEP. The primary effect has been 
established as material changes. Tensile strength and 
elongation properties were lowered; for e.xample, the 
reduction in tensile strength was 19.31 to 15.17 MN/m'’ 
(2800 to 2200 psi). These results are considered acceptable 
because of the influence of the “miniature configuration” 
of the dog-bone tensile specimens used. 

Rating: Acceptable-Restricted (A-R) 

A = Potentially acceptable 

R = Relatively stable material; however, additional 
multiyear data is required. 

These ratings are summarized in Table 7. 

[. Nitrogen Tetroxide/Materials Ten-Year 
Compatibility Ratings 

1. Niti'ogun Tetroxidc. The propellant (MSC-PPD-2B) 
is a stable oxidizer; therefore', no primary or specific ef- 
fects arc defined. 

Rating: Acceptabk^lncomplcte (.A-1) 

A ' Potentially acceptable' 

1 : : Data lae-kiiig for 10-year period 
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Table 7. Summary of compatibility ratings for materials In con- Table 8. Summary of compatibility ratings for materials in con- 
tact with monomethylhydrazlne for ten year-9 at 43'C (110*F) tact with nitrogen tetroxide for ten years at 43*C (110‘F) 


Material 

Rating 

Qitaliflc-r 

Material 

Rating 

Quallltcr 

Corro.sion-rcsistant steel 
303, 30-1 

A 

I 

Aluinimnn alloy 
6001 -TO 

A 

1 

Titanium alloy 
OAh-tV 

A 

I 

Currnsinn-resistant steel 
347 . 

A 

1 

Pnlyineric 
Teflon (FEP) 



R 

Titanium alloy 
6A1-4V 

A 

1 


2. Aluminum Alloy, Type 6061-T6. The primary effects 
have been established as corrosion and formations. Cor- 
rosion was uniform witli a depth of 1.0 /mi. The uniform 
formation of rough porous oxide film was less than 0.2 
fim thick. 

Rating: Acceptable-Incomplete (A-I) 

A ■= Potentially acceptable 
t — Data lacking for lO^year period 

3. Corrosion-Resistant Steel, Type 347. The primary 
effects have been establislied as corrosion and formations. 
The corrosion was ^'c^•y minor. Oxide particles were less 
than 1.0 ixtn in size. 

Rating: Acceptable-Incomplete (A-I) 

A — Potentially acceptable 
1 - Data lacking for 10-year period 

4. Titanium Alloy, Type 6A1-4V. llic primary effects 
have been established as corrosion and formations. The 
corrosion was veiy minor. Formations were nonunifonn 
and spotty gray. The 2.0-/nn-thiek oxide film exhibited 
numerous cracks witli most of the film adhering to the 
titanium .specimen. This is opposih to the effect on CRl-lS 
alloys where tlie ]n oduct dissolves into the propellant. 

Rating: Acceptable-Incomplete (A-1) 

A -- Potentially acceptable 
1 Data lacking for 10-year iieriod 

Tlu-.se ratings arc- summarized in Table 8. 
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VII. Conclusions 

A. Hydrazine Propellant 

(1) Under controlled -environmental conditions and in 
the absence of known degrading contaminants such as 
carbon dioxide, the primary criteria for detemiining ma- 
terials compatibility has been the decomposition rate of 
the hydrazine propellant. It has been found that metal 
corrosion itself has been a secondary consideration. Tire 
presence of metallic ions in solution and transitional metal 
ions from exposed surfaces, catalyze the reaction, and 
cause air increase in the rate of hydrazine decomposition. 

(2) The metal ions or corrosion products of aluminum 
(6061-T6) and titanium (6A1-4V) alloys cause an insignifi- 
cant amount of decomposition of the hydrazine. Hence, 
these alloys could be used for long-term (of up to ten 
years) mission application.s with assurance of a suitable 
level of-{)erforniance and reliability. 

(3) The metal ions or corrosion proiluets of corrosion- 
resistant .steel (sometimes nffevrerl to as .stainless .steel), 
are active catalysts for decoinposition, althougli the spe- 
eific ions respotisible have not Ireeii identified. The eom- 
patihility of this cla.ss of materials is marginal with 
hydra-ziiie. Usage on long-term (of up to ten years) mis- 
sions rerpiiies a careful assessment of the specific; mission 
c-oiulilions and recpiiremcnt.s, 

( I) The- carbon dioxide coiitc-iit in liydriiz.inc- .should Iv- 
kept at a low levc-l to minI:’''/.(- the effc-ct of corrosion. 
Tire iiiaxinmin lc;vt-l of carbon dioxide should not c-xec-ed 
fifty parts per million (50 pimi), pai ticularly if .317 f!HKS 
is l)t-ing used in the systeiu. 
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B. Hydrazine-Hydrazine Nitrate Blends 

As a generalization, it is olmoiis that this blend is not 
compatible with CUES type of materials. Excc.ssive pros- 
suro rise and etching of the tost specimen surface was 
e.xperii'iiced after relatively short O-Xposure periods vary- 
ing from 5 to 78 days. 

C. Monomethylhydrazine 

All specimcn/capsule units still in active test after six 
years exposure reveal no serious problems. 

D. Nitrogen Tetroxide 

All specimen/capsule units still in active test after six 
years e.\posure reveal no serious problems. 

E. Cleaning Solvents 

It has been found that the carbon-chlorine t>'pe sol- 
vents used for contamination control can interact with hy- 
drazine and titanium 6AJ-4V resulting in embrittlement of 
the titanium material. The use of carbon-clilorine type 
solvents should be eliminated to avoid the possibility of 
contaminating and affecting liquid propulsion elements, 
particularly where fuel-type propellants are involved. 
Specifically, the use of halogenated solvents such as Freon 
or Freon-type materials, should be prohibited. 

Isopropyl alcohol is more suitable than Freon for re- 
moving organic material, and does not interact with the 
hydiazine or titanium material. Isopropyl alcohol should 
be used for cleaning, processing, or other pertinent oper- 
ations for fuel-side propulsion elements. 


F. TemYear Design Data 

The rate exprc.ssion for the: compatibility plienomcna 
as a function of long-term storage nocd.s to be defined for 
a tcai-year period. Experimental rcsidts are required to 
establish wliether the; “total compatibility changes" con- 
tinue linearly or level off as a function of multiyear stor- 
age duration, 

G. Procedures and Standards 

Tlie essence of this compatibility program is uniform- 
ity of implementation and methodical control of the 
numerous and complex factors involved for each phase 
of work. This has been accomplished by the standardiza- 
tion of all methods, procedures, and processes. The adc- 
(juacy of these procedures and standards has been dem- 
onstrated in the accomplishment of each major phase. 
These include; preparation of approximately 900 spcci- 
incn/capsule combinations using scmiproductioii tech- 
niques; conducting test operations and storage testing as 
planned; and perfoming posttest analyses oji over 90 
test units invoK ing metallurgical examinations and pro- 
pellant characterizations. It is felt that tlic procedures 
and standards evolved and usc;d in this work provide a 
reliable means for canying out long-term compatibility 
investigations, and identifying potential propellaut/ma- 
tirial interactions whether gross or subtle in effect. 

H. Multiyear Design Data 

The result.w being generated after multiyear real-time 
exposure periods are considei'(;d to be rc'presentativc 
criteria. The data clerix’ed from this long-tenn experi- 
mental program can be used for propulsion design pur- 
poses in any system. 
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Table A-1. Summary of posttest analyses and results — hydrazine 
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6Al4VTi Slug Slightly kirnishod above — 0.4 mg 

liquid. Xo pitting 



TabJe A-2. Summary of posttest analyses and results — hydrazine-hydrazine nitrate 
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Table A-5. Summary of detailed posttest analyses and results — hydrazine 
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Table A'6. Summary of detailed posttest analyses and re'^uHs — hydrazine-hydrazine nitrate 


I 



i 


Table A-7. Summary of detailed posttest analyses and results — monomethylhydrazine 





Table B-1. Test specimens in hydrazine storage (Spec. MIL-P>2653iiB) 


Material 

Slug 

Bimetal 

contact 

di P 

« -g* U 

Q o ^ Q ©3 1 

« C5 CO « ©1 <0 

Bimetal 

separated 

2 § S T 

CO CO CO CD 

Strc.ssccl 
(Stressed 
to 67% 
of yield) 

-S ^ 

w ? 

! 

1 

Welded 

% 

ir. 

Other 

« i 

.S ft 'r 

^ 1 1 i 

ControE 

1 

Total 

303 CRES 






1 

■ 

1 

30‘IE 

0 



1 

2 


■ 

9 

316 

2 






■ 
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347 
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2 

2 
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430 

2 
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5 

446 

2 
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17-4 
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17-7 

2 
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3.30 
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.355 
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1 2 
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2219-T81 
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5052 
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2 2 
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14 

2 13 5 

1 2 

4 2 
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3 4 3 
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44 

707.5T6 
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6AI-4V Ti 

2« 

3 1 

2 2 

22 17 
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6AI-4V ELI 

•1 
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CoUitnbiiiin 
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■ 

2 
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2 3 
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1,R\-41S 
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.VII, 


l(.'onlrols) 
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Table B-2. Specimens in hydrazine — Viking Lander '75 grade material 
(STM N020, July 14, 1972, Rev. 2) 


MntrrisU 

Slug 

IMinrtitl 

c(mtiu;l 

H 

1 

Stressed 

(.stres.sed to 07% 
of yickl) 

£ 

1 

^ 2 
hfi 2 ^ ^ 

^ ^ .s 1 

c« ? «5 « 

Welded 
I-- s» 

3 § 

«•»* 

m n 

^ M J 

M A A 

brazed 

J 

1 

^ 1 

tA CQ 

Dogbone, ASTM 
Double fold, DB. ASTM 
Other 
Controls 

Total 

301 Cryo 

304 L CUES 
316 

446 

15-7 

1 

2 


6 2 2 3 
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1 
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(Tank 
section 
& dia- 
phragm) 

5 1 
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(Tube 
& cou- 
plilig) 
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Iiit-oncl-X 
6Al-4\' Ti 
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Table B-3. Specimens in test, hydrazine — hydrazine nitrate 
(75% N,H^; 24% N,H,NO,: 1% H^O) 


Material 

Slug 

Bimetal contact 
6061 - 6-4Ti 

Stressed 

(Stressed to 67% 
of yield) 

Slug Weld 

Welded 

Self 

Other 

controls 

Total 

ooei-xe Al 
6A1-4V Ti 
Hydrazine nitrate 

1 

1 

2 

1 

3 3 

2 

4 

1 

4 

13 

1 

Total 

1 

2 1 

4 3 

6 

1 

18 


Table B-4. Specimens in monomethylhydrazine (MIL-P*27404A) 


Material 

Slug 

Bimetal contact 
347 6061 6-4Ti 

Stressed 

(Stressed to 67% 
of yield) 

Slug Weld 

Welded 

Self 

Brazed 

Self 

Controls 

Total 

303 CRES 
304L 
316 
347 

6001-T6 Al 
6 A1-4V Ti 
Teflon FEP 
Teflon TFE 
MMH (control) 

H 

1 

2 2 1 

2 2 2 

2 4 2 

2 2 

1 

2 2 

2 2 

1 2 

2 2 

2 2 

2 2 

4 3 

2 

2 

2 

1 

3 

2 

3 

14 

14 

17 

13 
9 

14 

3 

4 
3 

Total 


9 12 7 

13 13 

10 

2 

3 

91 


Table B-5. Specimens In nitrogen tetroxide (Spec. MSC-PPD-2B) 


MaturinI 


302 CRES 

303 
304L 
3HS 
321 
347 
410 
17-4 

17-7 

tO.' 2 Al 
0(KJI TO 

7073 

0 Al IV Ti 

N'icki'l 

NT), (Controls) | 

Tot.il 


Slug 

S 

5 

6 
5 
3 
.5 

3 
0 

4 
4 

_ 3 . 

II 

71 


IJiinctal contact 
347 6061 6-4Ti 


1 


Strosscil 

(Stressed to 67% 
of yield) 
Slug Weld 


17 !() 


2S 14 


Other 

Chrome Krytox 

Plate Anodize 240 AC 


3 

2 

17 


Controls 


Total 


8 

7 
14 

5 

0 

23 

3 

8 

7 

4 

22 

3 

41 

8 
0 

108 
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TabJe B-C. Chemical composition of spedfication-type ferrous and nonfcrrous alloys- 

Element 
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Table C-1. Assays of hy<Jra*ine-hydrazine nitrate 


Constituent or property 


M1L-P-20536B“ 
si^eciflealion limits 


Hydrazine assay, % by weight 97.5 min 

Other major constituent, NAi- 

% by Weight 

Water plus soluble impurities, 2.5 max 

% by weight 

Density at 298 K (77 * F), g/cm’ 1 .004 ±0.002 

Particulate, mg/cm^ 0.01 max 

Ammonia plu.s amines. Not required 

% by weight 

DixsoK ed metals, % by weight Not required 

Iron 

Alimiinum 

Nickel 

Manganese 

CobLilt 

Chromium 

Copjx-r 

Zinc 

Silicon 

Magnesium 

Sodium 

Calcium 

Barium 

Boron 


Di.ssnlvcd anions, % by weight Not rcciuired 

Chloride 
Sulfate 
Nitrate 

Nonvolatile residue, mg/ciii'’ Not rerpiired 


Assay'* of hydrazine 
as received 
(drum H-3155) 


A.ssay of JPL-purified 
hydrazine 


Assay of J PL- produced 
hydrazine-hydrazine 


98.2 

NA 

99.9" 

NA 

75.2 

24.0(NjIl5NO3) 

0.45 

H„0 <0.02 

0.4 

Not detennined 
Not determined 
1.18 (Niy 
0.20(C,n,NH,) 

Not determined 
Not determined 
0.08 (NH,) 

<5 ppm (C„H,,NH.) 

Not determined 
Not determined 
0.1 (NH,) 
0.3(C,II,Nll3) 

0.01 

None defected 

Not cletcmiinod because 
lc\'els assumed below 
detection threshold 
1 

Not determined 


0.003 

0.003 

None detected 
0.008 
0.002 
0.075 
0.009 
0.005 
0.005 


None detected 


i 


Not determined 


Not determined beeause 
levels asstiiiu<d below 
detection threshold 

None detected 


Not detennined 


I 


Not determined 


"Version of hydrazine specification in force at start of i)rogram. 
'•From Itef. 4 1 . 

"Assay by titration with acid indicatwl lOO^f hydrazine; a.ssay 
‘'Not ap|)licable. 


by titration with chloramine T, 9!).i)C<> hydrazine. 
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Table C<2. Assay of monomethylhydrazine 




Constituent or 
property 

M1L-P.27404A 
amendment 2 
specification 
limits 

Assay of 
NjMjCHj prior 
to filling capsules 

Monomethylhydrazine 
(N,H,CHj) assay, 
% by weight 

98.3 min 

09.42 

Water, % by Weight 

1.5 max 

0.48 

Particulate, milligram 
per liter 

10.0 max 

0.97 

density, grams per 
milliliter at 25‘“C 
(77"F) 

0.870 to 0.874 

0.872 

Ammonia (NH^), % 
by Weight 

Not requiretl 

0.10 


Table C-3. 

Assay of nitrogen tetroxide 

Const iluent or 
property 

MSC-PPD-2B 

sp reification 
limits 

Assay of N„0^ 
prior to filiiiig 
capsules 

Nitrogen telroxidc 

98.50 

99.36 

( N„0^) assay, % by 
weight 



Nitric oxide ( NO) 

0.8 ± 0.20 

0.60 

assay, % by u’eight 
Water ecpiix-alent, 

O.lOnni.x 

0.00 

% b>' wi'ight 
Nitrosyl ebloridc 

0.08 max 

0.(11 

(NO Cl), as,say, 
% b>’ Wright 



A.sh, by weight 

Not required 

0.01 
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Method for Determining Carbon Dioxide Content. in.Hydrazine 
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I intRAIIOM ANn IRAPplNO OP COj 


I. Determination of Carbon Dioxide 
Absorbed by Hydraxine 

^ Tlitr <<‘st sc>Iu|) i'! shown sdicmaticnlly in 

I' iff, D-1, 'I he sulfamic field soltilion is prepared by dis- 
sol^'iiiK K of reaffent fiiadc material in 1.0 1 of dis- 
tilled watei. "I’o reduce tlie CO., content of tlu> snifainic 
acid, hit;]) purity hi'liitm. pa.s,sed through Ascarite, is 
l)uhl)l(‘d thrnu,i(h tlie sulfamic acid .solution via the gla.ss 
frit which provides a fine jfas lispersion and edicicnt 
purging. T he helium gas is passed through the sulfamic 
acid delivery tube for about 16 hours at 50-60 cmVmin. 
Th(> exit end of the helium gas from the .sulfamic acid 
bottled is protected again.st lir and CO., with an A;;caritc 
tnirc. This A.scaritc tube is replaced with a new oiu* aftci' 
the helium purge. With the precautions outlined, the 
blank CO-j is under 2.0 ppm. 

'I’lie apparatus is standardized by means of a NalfCO:, 
solution prepared by di.ssolving 0.381 g of dried NallCO., 
in distilled water. The solution is stored in gla.ss, and air 
exposure is minimized. This .solution provides 0.20 mg 
CO, per milliliter. Its CO-, content i.; 200 ppm by wi'ight. 



The column is 6.0-mm diani tubing, 3.66 m long (0.24-in. 
diam, 12-ft long), filled with 60-80 mesh F & M l’olypack 
No. 5. This packing gives good separation of C(), at 
ambient temperature. The peaks ere sharp, permitting 
direct reading of the heights and eliminating the need 
for peak area mea.suri’inents. Tlu' column is iieiit i.ito a 
number of 0.7-m (2 ft) sections arranged close together 
and contained in a glass jacket. The filament-type tliermal 
conductivity detector unit is kept at amirient temperature 
in a gla.ss di war to minimize temperature fluctuations. 
A 1.0 mV recorder records the deh'ctor output. Helium 
flow is 60 cmVmin. 


1 he fust step in the analysis is the determination of 
the blank; the CO-, |)icked up from tin; reagents and the 
system. I he flow ot the high purity hcliuin purge* gas 
after ])as.sage through Ascarite, is adjusted to .50 cmVmin 
by means of a flowmeter in the systt'in. A 60-ml sulfamic 
aeid .solution is run into the unit via the .stopeock. The 
stirrer is adjusted to gi\ c vigorous ('onstant stirring, Onei' 
set the helinni ilnw and :.tirring are ke|»t lixesl through 
the whoil' run. 


After addition of tin- sulfamic acid, the helium gas i, 
passed tlmiugli the daps for .fO min to imrge the system 
o| ail. the (,(). flap is then immersed in liquid nitidgen 
to tlie lop level of the ghiss l)e;lds. Flow of helium is 


gas chromatograph 



IHtRMAL 

CONDUCTIVITY 

DETECTOR 




FLOWMETER 

^ HELIUM 
IN 


OUT 


3.66-ni GLASS COLUMN 
PACKED WITH F S M PGLYPAK 
NO. 5 AMBIENT TEMPERATURE 


Fig. D-1. Apparatus for analysis of CO, In hydrazine 

continued for 20 min aflei' which tinu* the stopcock on the 
CO, trap is turned to isoliite the loop on tin* trap. 


I he trap, immersed in li(|uid nitrogen, is removed and 
transferred to the gas chmmalogia])h sampling ss'stem. 
I he stopcock I’li the Ct). trap is tiinii'd so as to e\;icuate 
the noncondensible ga.ses in Ihe trap and then turned to 
isolate the loop eontai:iing the frozen (X),. 


1 he next step is to flow tlu* helinin gas through tlu* 
hranelied leg of ihe '.ampling system, niiiing this opeia- 
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lion tlio li(iuitl nilroK‘ n is roniovcd, mid tlu> COj trap 
tliawod witli warm water. After a few ’niuut<\s, tlie .stop- 
cock i.s turned so as to Ilusli tlie COm witli Indiiun into tlie 
cliromatoj(rapl)ic coliimn for .st'paration and assay, Tlie 
lilaiik nm is repeated until con.si.stent low values arc 
obtained. 

The standardization run is made in tlu' .same manner as 
tlie blanks, (wcept that after a 5-min preliminary pnrgt; 
with helium, 0.50 ml of standiud NallCO.i solution is 
injected into the vigorously stirred sulfamic acid via the 
septum on the sulfamic acid unit. The released CO.j i.s 
frozen out in the COj tiap immersed in liquid nitrog(‘n. 
The trapped CO^ from the .standard solution is trans- 
ftirred to the gas chromatographic sampling system. Tliis 
yields a peak height for a standard of 100 ppm CO;. 

The CO; in hydrazine is similarly detennined. A 1.0-ml 
sample is injected into the .sulfamic acid solution \ ia the 
septum, and tlie released CO.- is swept out of the solution 
for a period of 20 min. The hydrazine injections should 
be made rapidly and with a minimum exposure to air. 
The .sulfamic acid solution is sufTicic'nt to neutralize 1.0 ml 


of hydraziiU! and .should iherefon' be diseardc'd after eaeb 
liydrazine analysis. If anollier sample is to lie nm. llu' 
sulfamie acid unit is refilled, and the lilank ami tlm 
standard d<‘U‘rminalions are miuh' as hefore. 

II, Calculation for Carbon Dioxide Content 

Parts ]U'r million oarhun dioxide 

pi'ak sample - peak hlank 
peak staiidard - peak blank 

For hydrazine, where the diaisity can lu' taken as 1.0, a 
density comiction term i.s not applied. 'I'lie error due to 
tin’s ouii.ssion is .about 1%, well within the r*-10% pre- 
cision for the CO; determination when the values are 
under 20 ppm. 

III. Conclusion 

llie metliod described provide.s meaningful re.sults for 
tlie determination of CO-_. in hydrazine or the methyl- 
substituted derivatives. 
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Appendix E 

Data Summary Sample Format 
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HYDRAZINE COMPATIBILITY DATA SUMMARY! TITAMIUtA 

4\L.£IJ 

I. TEST SPECIFIMEN CHARACTERIZATION 



Matcrial(s) 

eii 

Configuration 
5LUS STi?e55eD 

Specimen Number (S/N) 
0181 



DM5 I00404CH5A 



6AJ2-41' 

Dm I002&1I5 A 

STRESS FIXTURE 

S/N 

Specification 

Assay 

Temper 

0181 


O.OZiC, 0.09Fe,0£>tH. 

AfJMeALBO 


Type JR, COMP c 

5.iajl,4.(VA.,0.oiZp 

CoHOlTfOKJ 

fixruRe 

P£AT We 6‘/8e3 

0.10 0, 



Length 

Width Thickness Weight 


cm ( in.) 

cm ( in.) cm ( 

in. ) g 


7.5989 ( 2-9911) t.ZS^d (O.496o) O.olb(o.o^d) 3.Z086 


Hardness 


Surface Finish: ID/Opposlce Sides 


0767 HOT 4PPCICABC£~ 


0.3/0-3 Dtn ( /g//g pin.) 


Welding Method 

Special Surface Preparation 8/ PSI P£R JPL FS SoSOZ9 

Cleaning and Surface Treat-mpnr BY F^/ZJPL F3S'050Z^ 

(l‘>OPRopYL, ALCOHOL) 

II. TEST MILESTONES 


•Jate Period (days) Environment 


Capsule Scaled 

13 NOV 1968 



Test Started 

ZS MAR \9>lo 

496 

22ZK C-60’’F) 

Test Stopped 

24 Fee /975 

1797 

31fc.5K (llO"p) 

Analysib Started 

/2 M4R /975 

/€> 

253 K C-4‘’F) 
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POST-TEST ANALYSIS RESULTS 
A. Gaa Analyais 


Pressure 

w/cm^ 


Gas 

Volume 
c;c (STP) 

Percentage of 
Decomposition Total 

«2 

24.6 

21.1 

«2 

/ .7 

/.5 

NH 3 

89.9 

77.4 

Decomp, Total 



Ar 



Total 

/ / 6.0 



Final capsule pressure at 43^C (110®F) - ^.5N/cm^ ( 9-4pela) 


UO 


30 


20 


10 


TEST CAPSUI.E PRESSURE HISTORY 



NOT AVAILABLE 
STRAIN SA&E FAILURE 


lil! 

1 





100 


500 

Test Time, I>iys 


lono 
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B. Liquid Analysis 


Liquids 
and Solutes 

Initial Value'^ 

Final Value 

Main Constituents, % 
«2»4 

90.93 

90,82. 

H^O 

0.33 

0. 73- 

C6»5^2 

0 . 2.5 

0.Z5 

NH^ 

< 0 . iO 

< 0. 10 

Dissolved Metals, mg 
Fe 
Cr 
Mn 
Ni 
A1 


O.OZ — 

T1 


< 0.03 

V 


< O.Oi 

Na 

Si 

Co 

W 

Dissolved Anions, mg 
F 


<0.2. 

Cl 


0,3 

Carbazate (as CO2) 

*REF DRUM 


— 

NUMBER 3155 



lr»dic^'t'e-& 6lCmft*i+ is nc;+ dtfsc+ttble. cvt" couccn+rA-hion qiv«n 

Total Metals in Solution Limifed A na/cfsis 

Initial Hydrazine Weight '2.I-A7 ^ 

Total Hydrazine Decomposed O.A(t> % 


Cnnfa.minartion 
Halide. Contd-nt- 
< O.S 
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C. Specimen Analysis 


Property 

S/N 

Initial 

Value 

Final 

Value 

Measured 
Change , mg 

Solute- 
Indicated 
Change, % 

Weight, 


3. Z0£>&> 

'h.ZO&b 

-0.4 


g 







FiKToee 





Thickness 


















Hardness 


NOT 

J^OT 





Applicable 

APPLICABLE 


N/A 













Surface Properties 


Area: 




S/N 

Liquid-Exposed 

V'apor-Exposed 

Total 


r-nr 

2 

cm 

2 

cm“ 

078T7 


b.3i^ 

!<9. 

FtXTORS 

17. 7S^ 

!A. /63 

3/. 


NOTS. , 

E>fV RATIO: SLO&, 


FIXTURE ( 


Films : 


S/N Location Thickness Color 

<^767 LlQ'MD (L) Z-.O/ij Piur) SOiLDO P 

F/xTUfie e VAPOR Cv) iNTBRr, \ce z.o ^ okioe film bu/p pop 

SURFAC6S 0 'Z.M &IM£ &RAV TARKIIS H 

S/Ii Area Composition Pitting Remarks 

OlSl i VONOlVlF'CRM. NOT DEreRM<lJBD NOf^lS 

C mot ) 


Identified Corrosion .Vechanisr.s 
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Fig. E l. Sampic of li<|uitl vapor ititorfaci 


/ 


BO 


(a) at 135 , (h) at 360 , and Cc) at 1450 ■ 
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